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Involvements in Research in Present Day 
Economic Entomology 


Presidential Address Fifty-Seventh Annual Meeting, 
American Association of Economic Entomologists 


D. L. Van Dine, Washington, D.C. 


The affairs of this Association are 
necessarily concerned in some respects 
with those of other scientific organiza- 
tions. I will mention first some of the in- 
volvements that affect the membership as 
a whole before discussing a few others 
that have a bearing on our research as 
individuals. 

We take pleasure in meeting with the 
Cotton States Branch and with the Texas 
Entomological Society. Their hospitality 
is gratefully accepted. We regret that 
circumstances did not permit holding 
joint sessions with the Entomological 
Society of America. It seemed necessary, 
in justice to our widespread membership, 
to resume our schedule of regional meet- 
ings followirg the interruptions of war. A 
renewal of joint sessions with the Ento- 
mological Society of America will be 


anticipated. 
There are several bills pending in Con- 


gress for the establishment of a National 
Research Foundation. The purpose of this 


legislation is national support for scientific 
research and development. This is a 


matter of great interest to this Associa- 
tion and steps should be taken to insure 
that research in entomology is not over- 
looked. 

Professor Essig mentioned last year in 
his address as retiring president that he 
thought our relations with the American 
Association for the Advancement of Sci- 
ence could be greatly improved. He sug- 
gested that some action be taken in that 
direction. As a result the situation has 
heen studied by our councillors to the 
general Association. We will all be inter- 


ested in their constructive report. In con- 
nection with our own responsibility in the 


matter, we should recall that our Associa- 
tion was organized within the American 
Association for the Advancement of Sci- 
ence and that the general Association is 
the parent association. We find in Insect 
Life for September, 1889, under the title 
“The Association of Official Economic 
Entomologists,” the following note of the 
first meeting: “In pursuance of the call 
issued by Mr. James Fletcher, president 
of the Entomological Club of the Ameri- 
can Association for the Advancement of 
Science, a meeting of those interested in 
the rormation of such an association as 
that described in the title of this note 
was held August 29 and 30 at Toronto, 
Canada.” We cannot permit relations 
that have existed for over half a century 
to become a subject of indifference or 
neglect, either on our part or on the part 
of the American Association for the Ad- 
vancement of Science. The general Asso- 
ciation is the common meeting ground of 
all the sciences and our interests in so 
many fields of research other than our 
own require that we support the efforts 
of our councillors in maintaining good 
working relations with the parent Asso- 


ciation. 
In response to a letter from C. Chester 


Stock, Executive Secretary of the Insect 


Control Committee, National Research 


Council, I submitted to them the following 


list of some of the major problems in the 
field of economic entomology: 


The possible value to agriculture of the 
insecticide materia)s and equipment de- 
veloped for military purposes. 

Continued search for new and better in- 
secticide materials, particularly organic 
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materials that do not possess the unde- 
sirable qualities of metallic substances. 
Some of the known insecticide materials 
should be retested against insects to 
determine their residual toxicity. 
Continued research to further reduce the 
per acre requirements of insecticides 
for control, by improvements in formu- 
lations and in equipment and methods 


of application. 
Studies to determine the normal physiol- 


ogy of insects as well as the physio- 
logical conditions produced by insecti- 


cides. 

Extended research in taxonomy is urgent, 
since in insect control the identity of 
the species concerned is of first im- 
portance, 

Wide ecological studies, to determine the 
factors that influence the distribution 
and abundance of insects. 

The highly important work on foreign in- 
sect parasite exploration and introduc- 
tion, necessarily suspended during the 
war, should be restored at the earliest 
possible date. 

Further research is needed concerning the 
possible control of noxious plants by the 
use of plant-feeding insects, as illus- 
trated by the work in California against 
the Klamath weed. 

The research on organisms of disease 
pathogenic to injurious insects should 
be extended. The value of such work is 
demonstrated by the control gained in 
the mass production and distribution of 
the milky disease against the grubs of 
the Japanese beetle. 

The effect of insecticide materials on 
beneficial insect parasites, predators, 
and pollinators should be determined. 
As an agricultural insecticide, DDT is 
capable of destroying insect parasites 
along with their hosts unless measures 
are developed to alleviate such hazard. 


Advice was requested also on the ways 
in which the American Association of 
Economic Entomologists might cooperate 
with the Insect Control Committee of the 
National Research Council and I replied 
that this Association desires to cooperate 
with them but our present knowledge of 
their organization did not permit us to 
suggest the channels through which such 
cooperation might be extended. I advised 
that under similar circumstances this As- 
sociation has appointed representatives to 
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serve with agencies having mutual inter- 
ests and requested their suggestion of the 
manner in which this Association might 


extend cooperation with the Committee. 


James I. Hambleton as our representative 


to the Division of Biology and Agricul- 


ture of the National Research Council, 
reported last year that entomology has 
not played an important part in the de- 
liberations of that Division. It appeared 
to him that entomologists are not taking 
full advantage of the resources of the 
National Research Council. E. O. Essig, 
in his report to the Entomological Society 
of America (Annals, Ent. Soc. Am., June 
1945) as their representative to the above 
Division, refers to the Bi-monthly Re- 
port of the Division of Biology and Agri- 
culture (Vol. 3, No. 4, April 1945) having 
among topics for discussion one entitled 
“Symptoms of Enlarging Opportunity for 
Public Service by Biologists and Agricul- 
turists.”” Under this heading was a topic 
entitled “‘Insect Control’’ in which the 
great interest in DDT was presented. 
Professor Essig further reported that a co- 
ordinating committee in the broad field of 
insect control was named by the presiding 
officer of the Executive Board of the 
Division “in order to study this material 
in connection with the needs of war, agri- 
culture, fish and wild life, public health 
and other phases.’ Professor Essig said 
that the interesting thing about this com- 
mittee is that not an entomologist was 
named thereon and he rightfully pro- 
tested such action. He further remarked 
“The entomologists of America are a well 
organized and fully recognized scientific 
unit, and have shown, especially in the 
research work done with DDT, that they 
are by far the most capable judges of the 
use of this material in the control of in- 
sects affecting agriculture, human health, 
and the armed forces of the country.” 

Further information may be forthcom- 
ing concerning the organization of the 
Committee on Insect Control of the Na- 
tional Research Council, with their sug- 
gestion as to the manner of extending co- 
operation to them. 

Research in many fields of science other 
than our own are involved in the de- 
termination of measures for insect control 
in order to provide the broad basis that 
is necessary for practical control reecom- 
mendations. We all appreciate that in- 
vestigations relating to the development 





pou 
nua 
of 

agai 
cod] 
othe 
adv: 
T 
cide 
ist a 
spee 


ae § V6 elle le 


_ 


8 ON & CO 


February 1946 


of insecticides are interlocked with chem- 
istry. A good i)lustration of this involve- 
ment is the special attention being given 
at this time to the possible value of DDT 
(dichloro diphenyl trichloroethane) for 


sericultural uses. The use of any insecti- 
cide material for the protection of agricul- 


tural crops presents an entirely different 
problem in comparison to its use for mili- 


tary purposes. DDT offers no exception. 


An immense amount of work was ac- 
complished by entomologists working with 
insecticide chemists in the development 
of DDT for military purposes, and by 
chemical manufacturers in making av::'‘l- 
able quantities of the product. The report 
of the special committee on DDT last 
year at the New York meeting brought 
out the time factor involved in developing 
satisfactory mixtures for agriculture. This 
problem of formulations is encountered in 
the development and testing of all new 
materials and is greatly advanced when 
there is close alliance between the ento- 
mologist and the chemist. When extensive 
experiments are carried on with any in- 
secticide, we have found that still more 
rapid advance can be made by the use of 
material from a common source and of 
the same mixture as a standard of com- 
parison in each series G7 tests. 

The great need for new and better in- 
secticide materials is well illustrated in 
codling moth control. Arsenical com- 
pounds have been and are the standard 
remedy for this insect. Slingerland in 1899 
reported that in 1878 a practical fruit 
grower accidently discovered that when 
he sprayed his trees with Paris green, he 
not only rid the orchard of canker worms 
but that the apples on the sprayed part 
were much less eaten by codling moths. 
Cook first tested an arsenical against the 
codling moth in Michigan in 1880, using 
London purple. Today it is estimated that 
for spraying apple trees, chiefly to control 
coding moth, more than 40 million 
pounds of lead arsenate are required an- 
nually. Lead arsenate has the advantages 
of availability, low cost, effectiveness 
against leaf feeding insects as well as the 
codling moth, and compatibility with 
other materials but also has all the dis- 
advantages of a metallic poison. 

The search for new and better insecti- 
cide materials involves not only the chem- 
ist and the entomologist but also research 
specialists in other fields. The plant 
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pathologist is concerned with these ma- 
terials when used in combination with 
fungicides and the pharmacologist is in- 
terested in the possible hazard of any resi- 
dues of the insecticide to human health 
when used on food crops. The interests of 
both the plant physiologist and the soil 
scientist are also involved in the develop- 
ment and use of insecticides. There is evi- 
dence that accumulations of arsenical 
compounds in orchard soils may become 
injurious to plant life. Snyder (1935) esti- 
mated that six spray applications using 2 
pounds of lead arsenate per 100 gallons 
of water, with 35 trees per acre, applying 
40 gallons of the mixture per tree per 
application, would result in an addition 
to the soil of 168 pounds of the chemical 
per acre per annum. Apparently the 
arsenic residue in the soil does not pene- 
trate beyond the depth to which the soil 
is stirred by the cultivating implements. 
Vandecaveye, Horner, and Keaton (1936) 
found that following plantings in land 
from which old apple trees had been re- 
moved, alfalfa and barley showed poor 
conditions of growth. 

Several branches of engineering are 
involved in research for insect control. 
The help of the civil engineer has been 
necessary in mosquito control where sur- 
face drainage is indicated and where water 
has been impounded. Electrical engineer- 
ing plays an important part in response 
work with lights in providing sources of 
light and experimental equipment. Me- 
chanical engineering has made possible 
the recent advancement in equipment for 
the application of insecticides. Further 
improvement along this line is needed 
since equipment and methods for the ap- 
plication of insecticides are far behind the 
materials themselves. 

The work of the entomologist on the in- 
crimination of insect vectors of plant 
virus diseases is intimately involved with 
the work of the plant pathologist. In the 
preliminary work to determine suspect 
species to serve as test insects, close co- 
operation is necessary to delimit the areas 
where infection occurs and to obtain the 
incidence of disease in those areas. In the 
transmission tests the identity of both 
the virus and insect experimental ma- 
terial must be assured. In addition to the 
identity of the insect material, the ento- 
mologist is responsible for the methods of 
rearing and manipulating the test insects 
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and for the prevention of contamination 
throughout the rearing and testing period. 
The plant pathologist is responsible for 
the source and identity of the virus ma- 
terial to be used and for the maintenance 
of a supply of healthy and diseased host 
plant material to be used in the tests. 
Team work is also required following 
transmission tests. It remains for the 
entomologist to furnish the information 
on the exposure of the test insects to the 
plant material and to verify the identity 
of the species of insects used and for the 
plant pathologist to diagnose the results 
in respect to infection. Should the evi- 
dence point to a recognized virus having 
been successfully transmitted by a cer- 
tain species of insect, the results should 
be subject to confirmation. It is very im- 
portant that cultures of the source of the 
virus be maintained by the plant patholo- 
gist and that stock of the test insects be 
available from the entomologist. The 
mutual interests of the plant pathologist 
and entomologist can be advanced to best 
advantage by a cooperative effort and a 
better basis for the control of the virus 
diseases of plants will result. 
Entomologists should consider very 
carefully the possibilities in insect control 
that involve bacteriology. In biological 
control we think usually of the insect 
parasites and predators. More work has 
been accomplished and effective results 
obtained by the utilization of those natu- 
ral enemies. The use of entomogenous 
fungi has not been so productive in results. 
This is probably due to the requirements 
of parasitic fungi in the matter of mois- 
ture and temperature favorable for their 
development. Bacterial organisms patho- 
genic to insects have been known for a 
long time, notably diseases of the silk- 
worm and honey-bee. Until recently there 
has been no important development in 
their use for the control of injurious in- 
sects. The late Vernon Kellogg mentions 
(1892) one bacterial form, Micrococcus 
insectorum Burrill, in connection with the 
early use of fungi against chinch-bugs in 
Kansas to protect cereal crops. I would 
like to quote Kellogg’s conception of the 
use of diseases against the chinch-bug. He 
says, “The remedy is effective for the 
same reason that if, in time of war, en- 
emies were to send into a large city, as 
New York, men sick with the small-pox 
or Asiatic cholera, the infection would 
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rapidly spread among the massed people 


of the city and wholesale destruction of 
life would result. So with the chinch-bugs 
massed in Kansas cornfields, when dying 
and dead bugs bearing with them the 
germs and spores of contagious diseases 
are introduced.” This vision takes on 
some significance in the light of results 
that are being obtained in the control of 
the Japanese beetle following the develop- 
ment, mass production and distribution 
of the milky disease against the grub in 
the soil. We can only speculate what 
might have developed from the early 
work with chinch-bug diseases in Kansas 
if Kellogg had been working with a bac- 
teriologist. There is an interesting problem 
in connection with the production of the 
milky disease spore dust material. At 
present the only known medium of culture 
of the organism is the living body of the 
grub of the beetle host. This problem in 
insect pathology invites the attention of 
the bacteriologist. If a means could be de- 
veloped to produce the spore material in 
an artificial medium, it would be of the 
greatest value in the further control of the 
Japanese beetle, but more far reaching in 
its effect would be its value in culturing 
disease organisms specific to other insect 
pests. 

A very promising line of research, in- 
volving both plant and insect studies, is 
the control of noxious plants by the use of 
plant-feeding insects. This line of in- 
vestigation is illustrated by the early work 
against lantana in Hawaii, and against 
cactus in Australia, and by the present 
work in California against the Klamath 
weed, Hypericum perforatum. The objec- 
tive to be gained is of course weed con- 
trol, but the entomologist should not over- 
look the possible value in weed control of 
destroying by this method non-economic 
plants which serve as alternate hosts of 
insect pests. 

Many other sciences involved in the 
different phases of insect control must be 
included in our research if we are to main- 
tain a well balanced program. We all ap- 
preciate the cooperation that is indicated 
in the fields of physics, horticulture, 
agronomy, plant breeding and ecology, to 
name a few of the more important sub- 
jects in addition to those I have men- 
tioned. Illustrations of the research 
needed in these sciences will occur to all 
of us. 
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In order to insure continued improve- 
ment in a scientific basis for insect control 
measures, we must do more than recog- 
nize the fields of research that have inter- 
ests common to our own, we must enlist 
the necessary cooperation.‘ Effective co- 
operation involves not only joint action 
in work but cooperative planning for 
work. 

There is no part in the existence of man 
that is not influenced by insects. To hold 


supremacy against their domination we 
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must be audacious in the development and 
application of suppressive measures 
against injurious insects and alert in the 
protection of the beneficial ones. If the 
problems of insect control were less in- 
volved and confusing they would have 
been solved long ago. There is no sover- 
eign remedy for the control of any one 
agricultural insect pest. There never will 
be one particular remedy for the multi- 
tudinous and involved problems that con- 
front us in insect control.—12-6-45.. 





Sulfa Drugs to Control American Foulbrood! 


Leonarp Haseman, University of Missouri, Columbia 


All are familiar with the ravages of the 
ailment of bees commonly known as 
American foulbrood. Most of you have 
probably seen it wipe out whole apiaries 
and make beekeeping in many communi- 
ties a liability rather than an asset. It 
means to honey production about what 
hog cholera once meant to pork produc- 
tion or Texas fever to dairy and beef 
production here in the South. However, 
both of the latter menaces have been 
successfully met and from our results 
with the use of sulfa drugs I am convinced 
that foulbrood is definitely on the way out 
as a menace to beekeeping. Even should 
we in Missouri seem a bit over-enthusi- 
astic, a thousand representative bee- 
keepers, from the Atlantic to the Pacific, 
and from the Gulf to Saskatchewan can 
hardly all be wrong. Of the hundreds of 
beekeepers, small and large, who have 
used the treatment during the past sum- 
mer, not one who has been able to give 
his bees a complete treatment with the 
drug has reported failure to get substan- 
tially the same results as we have re- 
ported. The treatment, in fact, is simply 
too good to be true and I do not blame 
anyone for being skeptical where he has 
not tried it out. 

You are thoroughly familiar with the 
commonly recommended burning method, 
and many of you have probably used the 
formaldehyde and the chlorine treat- 
ments. Also, many of you are participat- 
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ing in the use of resistant strains. In 
our 30 years experience with bee diseases 
we have used all of these controls, in 
fact our department, in 1916, I believe, 
first announced the resistant strain the- 
ory after finding in our apiary colonies 
which actually cleaned badly infected 
combs and used them for rearing healthy 
brood. However, it has been our experi- 
ence that none of these treatments is ade- 
quate to protect beekeeping in com- 
munities where American foulbrood in- 
fection is widespread, and particularly in 
years favorable for its dissemination. 

As a result, 4 years ago we began, at 
first on a limited scale, the feeding of 
sulfa drugs as a possible cure for and pro- 
tection against American foulbrood. ‘The 
feeding of drugs to bees was not original 
with us, but I believe ours was the first 
systematic and successful use of a sulfa 
drug for controlling this disease of bees. 
L. F. Childers, a successful beekeeper 
and former soil chemist on the College 
staff, and the writer, first laid out plans 
for the experiment in the early spring of 
1942. On the advice of Dr. Perrin H. 
Long, of the Johns Hopkins medical staff, 
and members of our own medical school, 
relative to dosages and procedure, we 
decided first to test possible toxicity of 
the drugs when fed to bees in varying 
amounts and concentrations in sugar sera. 
The experiments were begun in the de- 
partment apiary in the spring of 1942 
and later in the summer extended to in- 
clude a number of colonies in the Childers 





6 JOURNAL OF Economic ENTOMOLOGY 


apiary. Sulfanilamide was used first in 
concentrations varying from 10 milli- 
grams per cent to 200 milligrams per cent 
solutions, including at first only about a 
quart to a feeding. While the higher con- 
centrations showed only slight evidence 
of toxicity to the bees we soon learned 
that the lower concentrations were en- 
tirely adequate. In 1942, we also checked 
sulfadiazine and sulfathiazole and found 
the latter definitely the most effective 
ef the three drugs. 

The 1942 results, while not satisfactory, 
convinced us that we were on the right 
track. Every colony receiving sulfa drugs, 
and especially those receiving sulfathia- 
zole, responded with increased vigor, im- 
proved colony morale and definite im- 
provement in the brood, some colonies 
completely clearing their combs of all 
evidence of infection. Plans were made 
for greatly enlarging the scope of the 
experiment in 1943. However, an ob- 
streperous sciatic nerve and a shortage 
of help and sulfa drugs seriously upset 
these plans. As a result, we succeeded 
only in somewhat refining methods of 
feeding sulfathiazole and in determining 
the most desirable concentration to use. 
A half-gram tablet to a gallon of sugar 
sera, or approximately a 15 milligrams 
per cent solution proved adequate and 
safe and convenient to use. In the later 
large-scale feedings this concentration 
was used mostly. Also, a similar concen- 
tration in thick sugar syrup was used in 
preparing pollen substitute. 

The 1943 results not only confirmed our 
1942 findings but gave added evidence 
that sulfathiazole when properly mixed 
and fed was perfectly safe and effective 
in controlling American foulbrood. As a 
result, in the winter and early spring of 
1944 we made plans to include 50 new 
packages and some 80 overwintered colo- 
nies showing varying degrees of infection 
in the Childers apiary and all the colonies 
in the department apiary. The colonies 
and packages were so arranged that a 
number of different experiments could be 
carried out independently or in combina- 
tions as follows: 

(1) Packages of bees hived in used 
equipment and exposed to AFB infection 
in the same apiary and in neighboring 
apiaries were fed sulfathiazole both in 
pollen substitute and in sugar syrup to 
see if they could be protected from the 
disease. 
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(2) Packages exposed to these same 
dangers and given combs of honey stored 
by colonies which died of AFB the pre- 
vious fall were fed sulfathiazole in syrup 
and pollen substitute to see if they could 
be kept free of infection. 

(3) Swarms were hived on combs, of 
which some were reeking with infection 
in the form of decaying grubs and dry 
AFB scales, and fed the sulfathiazole in 
both syrup and pollen substitute to see 
if they would clean up the combs and 
rear healthy brood. 

(4) Overwintered colonies of varying 
strength showing varying numbers of 
decaying grubs and dried AFB scales in 
their combs were fed both treated pollen 
substitute and treated syrup to see if 
they would clean up their combs and rear 
healthy brood in them. 

In these experiments all colonies, pack- 
ages and swarms were given pollen sub- 
stitute containing sulfathiazole at the 
rate of a half gram to a gallon of thick 
sugar syrup used in making the pollen 
substitute. The same concentration of 
sulfathiazole in thin sugar syrup was fed 
to the packages, swarms and colonies. 
The amount of treated syrup given to 
each colony varied from 4 or 5 quarts up 
to about 8 quarts containing a total of 
1 gram of sulfathiazole in the more se- 
vere tests. The feeding of the treated 
syrup extended over periods varying from 
about 40 to 60 days in most cases. The 
treatment was given its severest test in 
case of those overwintered colonies and 
swarms which were required to clean up 
from two to half a dozen or more badly 
infected combs. In fact, some colonies 
were so heavily loaded with diseased 
brood at the beginning of the spring feed- 
ing that we did relieve them of some of 
the worst combs and much of their surplus 
honey. 

The experimental colonies were checked 
at intervals to determine the progress they 
were making in clearing up the infected 
combs and in filling them with healthy 
brood. The colonies required 3 to 6 weeks 
to clean up the worst combs and, in most 
cases, within 30 days the combs would be 
well stocked with healthy brood in dif- 
ferent stages of development. Invariably 
as soon as the cells were cleaned and the 
foul odor was removed from the combs 
the queen would begin using them. Also, 
it was rare to find a single new grub show- 
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ing signs of infection after the queen 
once began to oviposit in a cleaned-up 
ce ymb. 

By early July every experimental col- 
ony receiving the sulfathiazole was free 
of all evidence of infection, the hives were 
running over with workers and each col- 
ony stored a goodly crop of surplus honey. 
In the fall (1944), when prepared for 
winter, there was still no sign of infec- 
tion in any of the colonies. A careful 
checkup last June and again this fall 
still shows no signs of disease in these ex- 
perimental colonies despite the fact that 
sources of infection were available in the 
neighborhood and some wild swarms com- 
ing to the apiary promptly developed 
signs of disease before being fed sulfa- 
thiazole. During the spring and summer 
of 1945 most of the 80 experimental 
colonies received no further feedings of 
sulfathiazole. The 1944 results were so 
perfect that we felt we owed it to at 
least our Missouri beekeepers to tell 
them about the sulfathiazole treatment, 
since we have had no provision for of- 
ficial bee disease inspection and control 
work for the last 10 years. Our findings 
given in Missouri Agricultural Experi- 
ment Station Bulletin 482 is a report of 
progress rather than a completed thesis 
on the subject. 

During the spring and summer of 1945 
we repeated the tests with sulfathiazole 
and also carried out a small experiment 
including four colonies to which sulfa- 
guanidine was fed at the rate of one gram 
to a gallon of syrup. Sulfaguanidine is 
easier to mix with the sugar syrup and 
it has shown evidence of being as effec- 
tive as sulfathiazole, for the treated colo- 
nies promptly cleaned up their combs and 
filled them with healthy brood. British 
beekeepers report similar results with 
sulfapyridine. 

In the 1945 sulfathiazole experiments 
3-pound packages of bees were hived on 
four to six of the worst AFB infected 
combs we could find and in 30 days they 
had cleaned up most of the combs and 
were beginning to rear healthy young 
brood in them. They received a total of 
6 to 8 quarts of syrup with a half-gram 
of sulfathiazole to each gallon of syrup. 
In 60 days they had the combs cleaned 
and well filled with healthy brood. 

Our plans for 1946 call for further study 
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of sulfa drugs, including some water- 
soluble forms, also penicillin and other new 
bactericides, to determine whether or 
not even more effective drugs may be 
found. Also, we plan to include in the 
studies further checkup on the apparent 
effectiveness of sulfathiazole on Nosema. 
We also plan to work with European 
foulbrood and pickle brood, both of which 
diseases some beekeepers have reported 
as not being affected by the sulfathiazole 
treatment. Also we want to determine if 
possible just how the sulfa drugs work. 
We are interested also in determining if 
there may be an unsuspected relationship 
between Nosema infection of adult bees 
and AFB infection of the brood. 

CoNCLUSIONS AND RECOMMENDATIONS. 
—QOur experience convinces us that sulfa- 
thiazole fed either in sugar syrup or in 
pollen substitute is an effective control 
for American foulbrood. It can be used 
either to prevent colonies from becoming 
infected or for enabling infected colonies 
to clean up their combs and rear healthy 
brood in them. Our results indicate that 
a thorough cleanup of a colony may pro- 
tect it against reinfection for two seasons, 
but we would advise feeding the drug each 
spring and fall or whenever infection ap- 
pears as a part of the regular apiary 
routine. 

To use it, disperse one-half gram of 
sulfathiazole powder or a finely. crushed 
half-gram tablet in a cup of hot water 
and add it to a gallon of sugar syrup for 
feeding in the usual way or for use in 
preparing pollen substitute. Four to 8 
quarts of treated syrup containing one- 
half to one gram of sulfathiazole costing 
about a cent should be sufficient in most 
cases to protect a colony from infection 
or for enabling it to clean up infection. 
In severe cases, it will pay to relieve 
colonies of their worst combs, rendering 
them, and replacing them with full sheets 
of foundation or drawn combs. In small 
apiaries, feed the syrup and treated pol- 
len substitute to the individual colonies 
in the usual way, but in large apiaries 
which include several hundred colonies it 
is better to feed the treated syrup in 50 
or 100 gallon vats in the open yard and 
of course guard against starting robbing. 
Neighbors’ bees will carry away some of 
your syrup but in return it will help to 
rid their colonies of disease.—12-13-45. 





Influence of Soil Minerals on Insects! 


Leonarp Haseman, University of Missouri, Columlia 


Entomologists are not unmindful of the 
fact that the health and well being of man 
and beast depend on a proper diet which 
includes the required mineral, growth and 
energy producing elements. Also, it is well 
known that foods grown on mineral de- 
ficient soils may lack some of these ele- 
ments and if they are not supplied in pills, 
concentrates or otherwise in time, serious 
impairment of health may result. The 
wide demand for whole wheat flour from 
the mincral rich Deaf Smith County soils 
here in Texas and the fact that some au- 
thorities question the nutritive content 
of the so-called “‘protective” foods sup- 
plied to the great eastern cities from 
mineral-deficient eastern seaboard soils 
further stress this point. Also, commercial 
advertisements and daily radio announce- 
ments constantly warn of such dangers. 
Some soil specialists in fact have even 
gone so far as to warn of possible future 
doom to the human race through “hid- 
den hunger” resulting from the consump- 
tion of foods grown on soils deficient in 
the essential minerals. If man does not 
call a halt to the losses from erosion and 
robbing of the soil by faulty cropping, 
they warn, such a fate may await him. 

Insects being animals, it would seem 
logical to expect that they too might be 
affected by mineral shortages and other 
deficiencies in their food supply similar 
to man and livestock. As a result, some 
years ago we laid out a project designed 
to find out just what does happen when 
different species of insects are reared on 
plants grown on nutrient solutions de- 
ficient in any of the essential soil minerals. 
When we began the study we fully ex- 
pected to find some impairment in their 
health, vigor and power to reproduce 
when reared on crops grown on mineral 
deficient soils. We were surprised to find, 
therefore, in some of our earlier experi- 
ments that our insect “guinea pigs” 
were seemingly not handicapped to any 
extent if at all when reared on plants 
grown on mineral deficient soils. We at- 
tempted to explain these unexpected find- 
ings to ourselves as being due to insects 
great power of adaptation or possibly to 
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the fact that the test insects being very 
small might. have secured adequate quan- 
tities of the deficient minerals even though 
we had completely withheld them from 
the nutrient solutions supplied to the 
plants. Later however, as the investiga- 
tions progressed, any such explanation 
seemed inadequate for we began to find 
that a shortage of certain minerals actu- 
ally proved beneficial rather than harmful 
to some of the test species. For instance, 
the chinch bug and the greenhouse thrips 
both were found definitely to prefer and 
to thrive better on plants grown’on a 
nitrogen deficiency. We certainly were not 
prepared to expect this even from such 
unpredictable creatures as the insects. 
These findings were the exact opposite to 
those generally reported for man and 
other experimental animals 6n a mineral 
deficient diet. 

In these investigations we have so far 
included the grain aphid, chinch bug, 
greenhouse thrips, greenhouse white fly 
and the Colorado potato beetle. Much of 
this work is still rather exploratory in 
nature. However, we feel that our find- 
ings should be reported at this time, if 
for no other reason than to encourage 
some of you younger men to undertake 
similar investigations. As I shall point 
out later, we have gone far enough to 
feel justified in hazarding a theory on 
insect abundance which possibly may 
radically change our whole scheme of 
controlling insect pests in the future. 

From the one series of experiments 
with the Colorado potato beetle reared 
on plants grown on different mineral de- 
ficiencies we have been unable to draw 
definite conclusions, though we did find 
variations in rate of maturity and mor- 
tality. Each species of insect’ seemingly 
has a very definite nutritional require- 
ment to satisfy though, as in case of the 
potato beetle, it may suddenly change 
that requirement or at least the botanical 
source of that requirement. From our 
findings along this line it would be a safe 
guess, and we aim to try to prove it, 
that when the Colorado potato beetle 
moved over from the wild nettle to the 
potato plant it found a new, more favor- 





February 1946 


able combination of plant nutrients which 
simply changed it from an insignificant 
weed feeder to a revitalized nationwide 
menace to one of our most important 
crops. 

Our data on the greenhouse white fly 
is from a single experiment with limited 
replications but this winter we have a 
much larger experiment set up. In this 
year’s experiment we are studying the 
effect of different levels of only three 
minerals, calcium, nitrogen and phos- 
phorous. Our last year’s data on the white 
fly indicate that on petunia plants it 
thrives best on those grown on full nu- 
trients and a shortage of either iron or 
potassium makes plants unsuited for nor- 
mal development. On the other hand, in 
case of tomatoes the data indicates that 
plants on full nutrients are less attractive 
than those on either a phosphorous or a 
magnesium deficiency. In these experi- 
ments some plants were grown on full 
nutrients while the other test series were 
grown on full nutrients minus one of the 
minerals calcium, potash, nitrogens, phos- 
phorous, magnesium or iron. In some of 
our experiments we cage definite numbers 
of insects on the test plants and kezp in- 
dividual records on their performance 
while in other experiments the insects 
are allowed to disperse from a common 
reservoir and choose the plants they 
prefer. 

Our investigation of the reaction of the 
common grain aphid, Tozxoptera grami- 
num to mineral shortages has been much 
more extensive. In 1940 W. K. Delaplane, 
Jr., while doing graduate work, reared 12 
generations of the grain louse on wheat 
plants grown on full nutrients and on 
seven parallel series of plants grown on 
full nutrients minus either calcium or ni- 
trogen or phosphorous or potash or mag- 
nesium or sulfur or iron. In his experi- 
ments he found that while the aphid bred 
more uniformly on full nutrients, short- 
ages of either sulfur or potassium or mag- 
nesium or phosphorous had no apparent 
ill effects on them, and for the first six 
generations the individual aphids actually 
produced more offspring on the average 
than did those on the full nutrients. In 
case of major outbreaks of this pest it is 
usually during the first month or the first 
few life cycles that most of the damage 
is done. Thereafter parasites and preda- 
tors come in for the kill. Here therefore, 
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is a species which in nature may actually 
be stimulated to greater crop destruction 
on land showing deficiencies of one or 
more of these particular soil minerals. In 
case of either iron or nitrogen deficiencies 
the pest simply failed to make any head- 
way and succeeding in producing but few 
offspring and survived for only a few 
generations. 

In 1942 we duplicated some of Dela- 
plane’s experiments carrying the grain 
louse through seven successive genera- 
tions. In these experiments a nitrogen de- 
ficiency again had serious effects on the 
well being of the louse, while the absence 
of either calcium, phosphorous, potas- 
sium or magnesium caused no very serious 
ill effects on the aphids. The rate of ma- 
turity of the individuals, however, was 
slowed down by the withholding of either 
of these minerals. For instance, aphids 
reared on plants grown on full nutrients 
matured and began producing offspring 
in 232 hours on the average for the first 
seven generations. In case of calcium de- 
ficiency the average was 272 hours, for 
potassium 284 hours, for phosphorous 297 
hours, for magnesium 306 hours and for 
nitrogen deficiency 327 hours. Also in 
these experiments the average number 
of offspring for the first four generations 
was reduced being 33 on full nutrients, 
32 on calcium deficiency, 26 on phospho- 
rous deficiency, 25 on potassium deficiency, 
19 on magnesium deficiency and 13 on 
nitrogen deficiency. From these data it 
would seem that it requires ample nitro- 
gen in its diet. On the other hand it would 
seem that when either calcium, phospho- 
rous or potassium was withheld from the 
nutrient solutions the aphid bred almost 
as well as where the plants were on full 
nutrients. 

In case of the chinch bug Dr. Phillip C. 
Stone has found among other things that 
it thrives and matures faster, lives longer 
and produces more offspring when nitro- 
gen is withheld from the nutrient solutions 
on which corn plants are grown as food. 
In nature the same thing is seen where 
chinch bugs are always found breeding 
heaviest on corn or small grain crops up 
along the thin, eroded hillsides rather 
than down at the foot of the slopes where 
the fertile top soil from the hill collects. 
We have usually explained this on the 
ground that the chinch bug is a lover of 
warm, sunny, dry surroundings when in 
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reality the pest is probably there because 
it craves plant sap low in nitrogen. For 
this same reason presumably it never 
attacks legumes. Corn planted with soy 
beans is less severely attacked by the pest 
due more to a stepping up of nitrogen in 
the soil and probably also in the corn sap 
rather than to the shading. 

Here then we have a major pest which 
seems clearly to be benefiting by inten- 
sive farming resulting in a continual rob- 
bing of the soil of its nitrogen supply. 
While the buffalo and also cavalry horses 
thrive better oa the native western grasses 
grown on mineral rich soil, it was not un- 
til the farmer began mining these soils by 
growing wheat, corn and other crops 
which draw heavy on nitrogen that the 
chinch bug really became a menacing 
scourge. In the last 100 years our major 
outbreaks of the pest have always ap- 
peared during series of dry seasons when 
crops actuaily draw less heavily on the 
soil minerals including nitrogen. We have 
been inclined to attribute these outbreaks 
to dry warm seasons which favor this in- 
sect when in reality the favorable low 
nitrogen content of the crop sap probably 
has more to do with chinch bug abundance 
than does the warm, dry weather. 

Our study of the reaction of the green- 
house thrips to nitrogen and calcium 

‘shortages was rather accidental. Last 
spring Dr. Wittwer of our horticulture 
department observed insect damage to 
some of his pots of young New Zealand 
spinach plants grown in the greenhouse 
on varying levels of calcium and nitrogen 
in his study of soil minerals and vitamins, 
The soil in all of the 160 pots was pre- 
pared especially and it contained the 
same amounts of all the essential soil 
minerals required for normal plant growth 
except for nitrogen and calcium. Four dif- 
ferent levels of each of these two minerals 
or sixteen different combinations of the 
two minerals were included in the experi- 
ments. We were called in to control the 
pest but much to our surprise we found 
a perfect setup for observing the reaction 
of the culprit, the greenhouse thrips, to 
calcium and nitrogen deficiencies. Dr. 
Wittwer gladly joined us and set aside 
one complete replication or 80 pots of 
plants for the thrips study while we 
treated the other half of the experiment 
with DDT to check insect damage. The 
thrips were found to be breeding on a 
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small weed under the greenhouse tables 
so they were allowed to simply choose the 
particular pots of plants they preferred 
most. They began attacking the young 
plants before they were two inches tall. 

The first thing we observed on checking 
the plants was the fact that the thrips 
were attacking only those plants growing 
on the lower levels of nitrogen. Appar- 
ently the calcium played no important 
part in making the plants attractive to 
the thrips. Practically every plant in 
every pot in the two lower nitrogen levels 
were attacked, some so seriously as to 
be almost killed. On the other hand, 
scarcely a plant on the two higher nitrogen 
levels showed any signs of thrips injury. 
This was the most perfect picture of in- 
sect respotise to a mineral deficiency we 
have yet seen. For some reason the thrips 
consistently avoided the larger, deep 
green plants growing on the two higher 
nitrogen levels. Here then, as in case of 
the chinch bug is an insect naturally 
adapted to satisfy its nutritional needs 
by passing up nitrogen rich plants and 
feeding on the nitrogen starved plants. 
Actually the plants which the thrips 
avoided were the luxuriant kinds gener- 
ally available on the market for human 
consumption. 

As the crop of spinach matured and be- 
gan to bloom we found that the thrips 
moved up from the lower nitrogen levels 
to the plants on medium level of nitrogen 
with some few plants on the high nitro- 
gen level showing some damage, What 
seemingly happened here was the storing 
of some nitrogen in the developing seed 
thus lowering the level of nitrogen in the 
foliage of those plants on higher nitrogen 
levels sufficiently to make them attractive 
to the thrips. In like manner, seemingly 
the transfer of nitrogen to the seed in case 
of the injured plants on low levels of ni- 
trogen so reduced the nitrogen in the 
foliage that the plants were less attractive 
to the thrips. We are now duplicating this 
cooperative experiment on a considerably 
larger scale to see if we can determine 
more closely the optimum level of nitro- 
gen in the foliage of this plant for the 
greenhouse thrips. 

The plants from each of the 80 pots 
in both replications were analyzed for 
Vitamin C, oxalates and minerals and the 
ones which the thrips selected were the 
lowest in nitrogen and the highest in 
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phosphorous, oxalates and Vitamin C. 
This might raise the question as to 
whether it was the low nitrogen or the 
high vitamin and phosphorous content 
of the plants that actually attracted the 
thrips. Be that as it may, it was the plants 
grown on soils with low nitrogen levels 
that attracted them. It is on this point 
supported by our studies of the chinch 
bug, aphid and white fly and by common 
field observations familiar to all of you 
that we hazard this explanation for the 
fact that our insect pests continue to be- 
come worse as years go by even though we 
do make some improvements in our stand- 
ard control methods. As with the higher 
animals for optimum development and 
reproduction each insect has its specific 
nutritional requirement which according 
to these findings would seem to vary 
greatly so far as minerals are concerned, 
from those of man and other vertebrates. 
The indications are that insects require 
less of minerals and that they may actu- 
ally thrive best on shortages of certain 
minerals. We shall probably find that the 


different crop pests will vary as to which 





minerals they require in reduced amounts. 
However, it would seem that by lowering 
the total level of soil minerals through 
erosion, overcropping and faulty crop ro- 
tation we are systematically improving 
conditions for our insect pests while 
making them less and less favorable for 
our crops, livestock and ourselves. If 
there is real danger that the loss of soil 
minerals may spell the doom for the hu- 
man race it looks as if this same depletion 
of soil fertility may also be making it more 
certain that insects will the sooner sup- 
plant us. 

If these conclusions are correct, then 
we economic entomologists should begin 
to think and do more about fighting insect 
pests through the soil and perhaps begin 
to depend less on the spray gun, fog ma- 
chine, airplane and DDT. Not that we 
should let down on our chemical warfare 
but if our farming operations are actually 
developing bigger and better insect epi- 
demics, then we should incorporate more 
soil conservation in our over-all plan of 
insect control,—1-7-46. 


Light-Trap Studies of the Clear Lake Gnat 


Artaur W, Linpquist and CuristiaAn C, Deonter, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The Clear Lake gnat, Chaoborus asticto- 


pus D. & S., which breeds in Clear Lake, 
California, is attracted to electric lights 
in such enormous numbers that it be- 
comes & nuisance to residents living near 
the lake. Studies of flight, oviposition, 
and hatching of this insect (Lindquist & 
Deonier 1942) showed that huge concen- 
trations of adults frequently occurred at 
the edge of the lake, and that from 50 to 
90 per cent of them were gravid females. 
The attraction of the pest to lights sug- 
gested that light traps could be used, 
not only to reduce their abundance but 
also, perhaps, to reduce breeding. Herms 
& Burgess (1928) described a simple light 
trap, which, although small and com- 
paratively inefficient, established the fact 
that gnats could be caught in such a 
device. 

The principle of a suction produced by 
an electric fan was utilized in many types 
of traps that were designed and tested 
from 1938 to 1941, inclusive. The present 


paper deals with experiments on the ef- 


ficiency of lights of various intensities 
and wavelengths in attracting gnats. 

Mertuops.—tThe tests were all con- 
ducted a few feet from the water along 
the northeastern shore of the lake, near 
the villages of Nice and Lucerne. The 
traps were suspended from poles so that 
the lamps were about 6 feet from the 
ground, which is the best height for at- 
tracting these insects. Usually only two 
traps were compared at one time in a 
given location, and they were spaced 20 
to 30 feet apart so as to minimize the 
effect of location differences. The traps 
were operated during the evening flight, 
or for about 90 minutes each night, and 
were rotated at regular intervals. 

Tests with filament lamps were made 
in traps consisting of a metal cylinder 
(12 to 18 inches diameter) in which an 
electric fan was suspended. The lamp was 
fitted above the cylinder, and the gnats 
were blown into a porous cloth sack at- 
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tached below it. Another trap, the double- 
action type (Fig. 1), in which one light 
was placed above the motor and one be- 
low, was sometimes used. The gnats at- 


Fic. 1.—A double-action trap for the Clear Lake 
gnat, with a 12-inch fan and two 200-watt filament 
lamps. 


tracted to the upper lamp were captured 
by suction, whereas those going to the 
lower light were blown into the bag. Tests 
with fluorescent lamps required a special 
type of trap to accommodate the long 
tubes (Fig. 2). For comparative purposes 
motors and fan blades were of the same 
size as those used in the filament-lamp 
traps. The wattage, lumen rating (units 
of light), and other pertinent data rela- 
tive to the lamps and fixtures used were 
secured from printed information released 
by the company manufacturing this 
equipment. t 

Errect or Intensity or Licut.—The 
effectiveness of filament lamps of differ- 
ent intensities was studied by means of 
traps fitted with 10-inch electric fans. 
Three traps were operated 25 feet apart 
in a line parallel to the shore. Every third 
evening the traps were moved one posi- 
tion forward in a clockwise direction, so 
that each trap occupied two other posi- 
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tions before the rotation was repeated. 
A study on location efficiency was made 
by operating the traps with lamps of 
equal intensity for eight nights before the 
test. The average catch showed that the 
west location was 3.5 per cent better than 
the east location, but this small differ- 
ence is not taken into consideration in 
summarizing the results of the test. 


Fic. 2.—A fluorescent-type trap for the Clear Lake 
gnat, with a 12-inch fan and two 40-watt daylight 


lamps. 


The data in table 1 show that the 
amount of gnats caught per unit of light 
decreased as the intensity of light in- 


creased. The larger lamps, having more 

Table 1.—Comparison of amount of gnats 
caught with Type C filament lamps of different 
intensities. Average of 18 tests. 








AVERAGE QUANTITY OF 
Gnats Caucut 


Per Per Per 
Test Watt Lumen 


Torat Licut 





Power Intensity Tora. 
Watts Lumens Grams 
100 1620 543 
300 5910 978 
5006 10050 





Grams Grams 
5.43 0.335 
3.26 . 166 
2.65 -182 
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Table 2.—Comparative effectiveness against gnats of a double-action trap and a single-action 


trap. Average of 14 tests. 








Torta Licut 


AVERAGE QuaNTITY oF Gnats’CauGHT 





TYPE 


or TRAP Power 


LAMPS 


Intensity 


Per Test Per Watt Per Lumen 





Watts 
300 
300 


Number 
Double-action 2 
Single-action 1 


Lumens 
§200 
5950 


Grams 
$157 
1696 


Grams 
0.606 
. 285 


Grams 
10.52 
5.65 





units of light, attracted greater amounts 
of gnats. Of the total gnats caught, the 
100-watt lamp took 19.1 per cent, the 
300-watt 34.3 per cent, and the 500-watt 
46.6 per ceut. The 500-watt lamp, using 
5 times the electrical energy of the 100- 
watt lamp, took only slightly more than 
2.33 times the quantity of gnats. The 100- 
watt lamp was the most efficient, but the 
increased cost of operation of the larger 
lamps appears justified by the increase in 
catch. 

The double-action trap having two 
150-watt Type C lamps was compared 
with a single-action trap having one 300- 
watt lamp. The daily average collection 
of 14 tests, as given in table 2, shows that 
nearly twice as many insects were caught 
in the trap fitted with the 2 smaller lamps. 

ComPARISON oF Lamps.—Since day- 
light and blue fluorescent lamps radiate 
greater spectral intensities than filament 
lamps within the region of 3800 to 5000 
angstrom lines, the efficiency of these 
two types of lights was compared. A 15- 
watt, 18-inch tubular daylight fluores- 
cent lamp requiring 7 watts for the bal- 
last was compared with a 60-watt, 18- 
inch tubular clear T'ype C filament lamp. 
The traps in which these lamps were in- 
stalled were identical.-The size and shape 
of the lamps were the same and the lumen 
ratings similar, but they differed in the 
quality of light. 

The results of trapping tests given in 
table 3 show that the fluorescent lamp 
captured 2.33 times as many gnats as 


Table 3.—Comparative effectiveness against 
gnats of a Type C filament lamp and a daylight 
fluorescent lamp. Average of 9 tests. 








AVERAGE QUANTITY OF 


Torat Licut Gnats CauGcut 





Per Per Per 


Power Intensity Test Watt Lumen 





Grams 
0.895 


2.208 


Grams 
7.91 


49.70 


: Watts Lumens Grams 
Filament 60 530 474 


Daylight 
fluorescent 15 495 1093 





the filament lamp, and took over 6 times 
as many gnats per watt of electrical input. 
_ Since Type C filament lamps of higher 
light intensities were not available, it was 
necessary to use standard filament lamps 
in further tests. In order to evaluate lamps 
of equal lumen rating, a 150-watt clear 
filament lamp producing 2600 lumens was 
compared with a unit of two 30-watt day- 
light fluorescent lamps producing 2460 
lumens and requiring ballast consuming 
15 watts. The results in table 4 show that 
the fluorescent lamps attracted 3.67 times 
as many gnats as the filament lamp. On 
the basis of gnats taken per watt of elec- 
tricity the fluorescent lamp took 7.33 
times as many as the filament lamp. 


Table 4.—Comparative effectiveness against 
ante So 1 — ee _ 2 daylight fluores- 
cen ps of nearly lumen rating. A 
of 10 tests. a , 2 td 








AVERAGE QuanTITY 


Tora Licut or Gnats CauGut 





Tyre 
OF Pe: P 
Lamp Power Intensity Test Watt ieee 


Grams Grams 
3.37 0.194 


24.9% - 761 





Watts Lumens Gra 
Filament 150 2600 505. 
Daylight 
2460 


uorescent 60 1873 





In table 5 are given daia on tests with 
large traps in which the filament lamps 
afr exceed the fluorescent lamps in elec- 
tricity consumed and lumen rating. Fila- 
ment lamps <otaling 1000 watts were in- 
stalled in a double-action trap and com- 
pared with a trap fitted with four 40-watt 
fluorescent lamps (48 inches long) requir- 
ing ballast consuming 27 watts. The quan- 
tity of gnats taken per watt of electricity 
with the fluorescent lamps was about 7.33 
times that taken with the filament lamps. 

ComPaRISON OF DIFFERENT CoLors.— 
In table 6 are given results obtained with 
daylight and blue fluorescent lamps. Both 
lamps consume the same amount of elec- 
tricity and require ballast consuming 15 
watts, but the daylight has a much higher 
lumen rating. The percentage of total 
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Table 5.—Comparative effectiveness against gnats of large traps equipped with daylight fluores- 
cent and filament lamps. Average of 18 tests. 








AVERAGE AMOUNT OF GNATS CAUGHT 


Per Test Per Watt 


Tyre NUMBER Tota Licut 
OF OF 


Lamp Lamps 





Power Intensity Per Lumen 





Grams 
0.167 
. 602 


Grams 
2.91 
19.06 


Grams 
2917 
3564 


Lumens 
17400 
5920 


Watts 
600 
400 
160 


Filament 


Daylight fluorescent 





energy emitted between 3800 to 5000 ang- 
strom lines is 10.8 for the blue and 4.8 
for the daylight in 15-watt lamps (Barnes 
et al. 1989). The two lamps took about 
the same quantity of gnats, but on the 
basis of gnats captured per lumen the 
blue lamp was considerably better. 


Table 6.—Comparative effectiveness against 
gnats of 2 daylight and 2 blue fluorescent lamps. 
Average of 10 tests. 








AVERAGE AMOUNT OF 


Tora Licut Gnats CauGut 





Tyrprz 
OF Per Per Per 
Lamp Power Intensity Test Watt Lumen 





Grams 
2.904 
1.775 


Grams 
61.17 
58.23 


Watts Lumens 


Blue 60 1560 
Daylight 60 


2460 





A series of tests were made in which a 
daylight fluorescent lamp was compared 
with fluorescent lamps of different colors. 
The data in table 7 show that the day- 
light lamp caught more gnats and a 
greater quantity of gnats per lumen than 
the white, pink, green, or red lamps. 

SumMaAryY.— The attraction of lights of 
various intensities and wave lengths to 
the Clear Lake gnat, Chaoborus astictopus 
D. and S., was studied by means of suc- 
tion traps. With filament lamps the 
amount of gnats taken per unit of light 
decreased as the intensity of light in- 
creased. A 500-watt lamp took slightly 
more than 2.3 times the amount of gnats 
taken by a 100-watt lamp. A double- 
action trap, in which a 150-watt lamp 
was placed above the motor, and another 


Table 7.—Comparative effectiveness against 
gnats of fluorescent lamps of different colors in 
paired tests. Average of 3 to 6 tests in each com- 


parison. 








AveraGe AMOUNT OF 


Tora Licut Gwnats CAUGHT 





Tyre 


OF 
Lamp 


Power Intensity 


Per 
Test 


Per 
Watt 


Per 


Lumen 





Daylight 
White 


Daylight 
Pink 


Daylight 
Green 


Daylight 
Red 


Watts 
15 
15 


15 
15 


15 
15 


15 
15 


Lumens 
450 
555 


450 
300 


450 
900 


450 
45 


Grams 
2029 
1403 


1523 
872 


655 
606 


667 
2 


Grams 
135.25 
93.51 


101.53 
58.13 


43.64 
40.42 


44.45 
0.13 


Grams 
4.508 
2.526 


3.383 
2.906 


1.454 
0.674 


1.480 
045 





below, captured nearly twice as many 
gnats as a single-action trap fitted with a 
300-watt lamp suspended above the 
motor. 

A daylight fluorescent lamp (15-watt) 
attracted 2.33 times as many gnats as a 
filament lamp (60-watt) and took over 
6 times as many gnats per watt. Studies 
with larger fluorescent lamps and regular 
filament lamps showed that, on an equal 
lumen-rating basis, the fluorescent lamps 
captured more gnats than the filament 
lamps and up to 7.33 times as many per 
watt of electrical power. 

Daylight and blue fluorescent lamps at- 
tracted about the same amount of gnats, 
but on the basis of gnats captured per 
lumen the blue lamp was considerably 
better. Daylight fluorescent lamps were 
more efficient than white, pink, green, 
and red fluorescent lamps.—1-5-46. 
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Investigations at the Henry R. Carter Memorial Laboratory 
of the United States Public Health Service’. 


S. W. Smumons,! United States Public Health Service 


The Henry R. Carter Memorial Labo- 
ratory at Savannah, Georgia is a Unit of 
the Office of Malaria Control in War 
Areas, which is engaged in the control 
of malaria and diseases of tropical origin. 
The prime obligation of MCWA has been 
the control of malaria in extra-canton- 
ment military areas and related defense 
industries. Field operational programs 
have been on a large scale and at a rapid 
pace, and the Carter Memorial Labora- 
tory is the technical development unit 
for supplying information on procedures, 
materials, formulae, and equipment for 
immediate practical field use. 

Work at the Laboratory is divided into 
nine technical Units. We shall name each 
of these and then briefly describe the 
work, purpose, and significance of each. 
They are as follows: 


(1) Anopheline Residual Sprays 

(2) Anopheline Larvicides 

(3) Insect Premise Sanitation 

(4) Equipment Development 

(5) Effects of DDT Anopheline ° srvi- 
ciding on Wildlife 

(6) Typhus Control Investigations 

(7) Anopheline Host Preference Studies 

(8) Chemical Investigations 

(9) Insectary 


ANOPHELINE ReEsiIDUAL SprAys.—The 
work on anopheline residual sprays has 
been mainly an investigation of efficiency, 
formulae, equipment, and methods for 
the large scale application of DDT. This 
project is divided into both field and 
laboratory sections. In the field several 
hundred houses have been experimentally 
treated with various DDT formulae and 
studies made on residual effectiveness and 
operational techniques. An entire village 
was the subject of experimental area 
treatment against Anopheles albimanus 
in Puerto Rico. Laboratory work consists 
of performing more precise tests on DDT, 
or other agents in regard to toxicity, in 
different formulae, on different surfaces, 
and at different exposure periods. Investi- 
gations have resulted in recommenda- 


‘From Malaria Control in War Areas (Henry R. Carter 
Memorial Laboratory), States Relations Division. 
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tions that were adopted for the operations 
of the Extended Malaria Control Pro- 
gram, which treated some 300,000 homes 
during the past season. The formula 
recommended and used consisted of 35 
per cent DDT concentrate, containing 4 
per cent emulsifier (Triton X-100)* diluted 
with water to 5 per cent DDT. Due to 
shortages of material this recommended 
formula was further diluted to 2.5 per cent 
for this season’s operation. This was ap- 
plied at the rate of 4 c.c. of spray per sq. 
ft. of surface area and was applied by 
both hand and power equipment. Pres- 
ent studies are under way in this project 
to determine relative effectiveness and 
duration of DDT applied to the various 
types of surfaces encountered in practical 
spraying, to determine factors affecting 
residual deterioration, and to determine 
natural anopheline mortality in occupied 
treated houses under operational condi- 
tions. Laboratory investigations are also 
being initiated to supplement field studies 
on the effects of DDT residual sprays on 
houseflies and blowflies as well as mos- 
quitoes. 

ANOPHELINE LarvicipEs.—This proj- 
ect is also divided into field and labora- 
tory sections. The field unit works on 
formulae, dosage, and method of applica- 
tion of the larvicides under investigation, 
while the laboratory conducts more criti- 
cal tests on toxicity, physical character- 
istics, and deterioration of the larvicide. 
Most of the work to date has been with 
DDT. A formula and technique for the 
hand application of a DDT spray at the 
total rate of 1 gallon per acre will soon be 
recommended. The laboratory work has 
shown that the lack of residual in DDT 
larviciding is to a large extent due to in- 
activation of this chemical by the bot- 
tom mud complex in larval environments. 

Due to the fact that DDT is not as 
spectacular a larvicide as it is a residual 
spray present work. considers investiga- 
tions of compounds related to DDT, or 
other indicated materials. 

Insect PREMISE SANITATION.—Insect 


2 An orally! polvether-elcebol supplied by the Rohm & Haas 


Co., Philadelphia, Pennsylvania. 
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Premise Sanitation in its broadest form 
covers the control of insects in the home 
that may be involved in the transmission 
of disease, 1. the contamination of food, 
or that are pests affecting physical or 
mental comfort. The work to date has 
been largely on the use of DDT in the 
control of houseflies. Some consideration 
has been given to blowfly control and in- 
cidental information has been secured on 
such insects of sanitary importance as the 
roach and the bedbug. Housefly control 
investigations have been carried on by 
the treatment and subsequent study of 
homes, grocery stores, hospitals, restau- 
rants, pasteurizing plants, dairies, abat- 
toirs, fish houses, and other food produc- 
ing and handling establishments. Some 
work has been done on the use of DDT 
as a housefly larvicide. In many instances 
adequate residual spraying has been found 
to give a high degree of control without 
the necessity for auxiliary larviciding. 
DDT applied at the rate of 200 mgs. per 
sq. ft. has given phenomenal results 
against adult flies, where due considera- 
tion was given to the habits of the insect 
in choice of resting places. New techniques 
for determining housefly populations have 
been developed and these will shortly be 
published. The formulae procedures and 
equipment worked out have now been 
field tested in operational programs. 
Equipment DerveLopment.—Equip- 
ment adaptable to the diverse types of 
insecticides dispersal has not kept pace 
with needs. The advent of DDT showed 
that existing equipment was in many in- 
stances unsatisfactory for the quantity 
and type of dispersal desired. The equip- 
ment unit at the laboratory has as its 
function the testing for adaptability of 
available commercial equipment, of alter- 
ing this equipment to meet operational 
demands, and also the design and fabrica- 
tion of entirely new equipment if indi- 
cated. DDT mixing equipment was con- 
structed which is capable of preparing in 
15 to 20 minutes sufficient DDT concen- 
trate for 650 gallons of spray. Such 
mixers are now in general use in the states, 
on the extended malaria control programs. 
Nozzles were tested and types selected for 
the proper application of residual sprays 
where rate of discharge, particle size, and 
angle of spray are important factors. 
Aerosol-generating equipment has been 
devised and tested, and extensive cooper- 
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ation has been maintained in the testing 
of equipment submitted by the Chemical 
Warfare Service and the Corps of Engi- 
neers of the U. S. Army. The equipment 
unit serves all other projects in the design 
and fabrication of special experimental 
items when needed. On this work are three 
graduate mechanical engineers with as- 
sistant mechanics, and machinists. 

Errects or LARVICIDING ON WILDLIFE. 
—The Public Health Service in its malaria 
control efforts must necessarily choose 
the materials and methods that are most 
effective, and yet consistent with wildlife 
conservation. Our tests have demon- 
strated DDT to be a good larvicide but 
the Service feels that its widespread use 
is feasible only if something is known re- 
garding its effect on economic forms of 
life in the environments treated. Deter- 
mination of this is a necessity, therefore, 
in order that the Service may safely em- 
ploy DDT in its larviciding operations. 
During the past season we have conducted 
a thorough study on the effects of DDT 
larviciding on fish and associated aquatic 
organisms. Recently a cooperative work- 
ing arrangement with the U. S. Fish and 
Wildlife Service was made, and the work 
expanded to include the effects of routine 
larviciding on the entire flora and fauna 
of the areas treated. The work is being 
done on the Savannah Wildlife Refuge 
and planes equipped for spraying, dust- 
ing, and aerosol generation have been 
obtained. A chemical engineer has been 
assigned to the study of distribution, 
particle size, and meteorological influence 
on application. The equipment unit works 
on alterations or development of dispers- 
ing equipment, and the results are being 
studied by specialists in wildlife conserva- 
tion, and entomology. The program as 
outlined contemplates a quantitative 
analysis of changes that may occur, and 
it is felt that the data to be obtained 
should properly classify DDT larviciding 
in its relation to wildlife. 

Typnus Controu INvVESTIGATIONS.— 
The Office of Malaria Control in War 
Areas is conducting an operational murine 
typhus control program covering the 
higher endemic areas in some 13 states. 
DDT dusting is a large part of this work 
since investigations have shown that when 
properly applied, DDT dust will reduce 
the population of Xenopsylla cheopis of 
rats more than 95 per cent shortly after 
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treatment and even after 5 months the 
average reduction may be as much as 75 
per cent. Work at the laboratory involves 
the experimental. dusting of numerous 
private and business establishments in 
the city of Savannah. Such dusting is pre- 
ceded by a flea index determination and 
post treatment indices have been ob- 
tained up to 5 months subsequent to 
treatment. In conjunction with the equip- 
ment unit, simplified dusting equipment 
has been devised that is now in use by 
typhus control operations. Investigational 
work has recently been initiated on ro- 
denticides, involving both the use of 1080 
and ANTU. Combinations of DDT with 
rodenticides to rid premises of both para- 
sites and hosts are being investigated 
with some degree of encouragement. A 
laboratory is now being set up for more 
detailed parasite-host relationship studies 
that might be of practical significance in 
murine typhus control. 

Host PREFERENCE Srtupies.—The 
practical importance of a potential ma- 
laria vector depends upon its feeding 
habits. Capable vectors that do not uti- 
lize man as a host would be of no sig- 
nificance. We have in this country cap- 
able vectors of whose feeding habits we 
know practically nothing. Even in the 
case of Anopheles quadrimaculatus only 
meager data in regard to its feeding 
habits are available. The laboratory re- 
ceives anopheline mosquitoes of all species 
available from some 25 states where 
MCWA Programs are in operation. En- 
gorged specimens submitted are crushed 
on filter paper at the time of collection. 
A saline extract of the blood is prepared 
at the laboratory and tested by the pre- 
cipitin technique against human, avian, 
bovine, equine, and swine antisera which 
is prepared at the laboratory. Results to 
date show that between 85 and 9 per 
cent of satisfactory specimens received, 
react to one of these antisera. The hosts 
of the 10 or 15 per cent of non-reactors 
are probably widely scattered through 
much of the animal kingdom. At present 
over 150,000 specimens have been tested, 


but it is felt that the importance of this 
work justifies additional data before the 
results are prepared for publication. 

CuemicaL INvesTIGATIONS.—Chemical 
investigations have up to the present been 
confined chiefly to studies connected with 
DDT. This project acts to a great extent 
as a service unit for the various other in- 
vestigational projects, giving them an- 
swers to problems of a chemical nature, 
and conducting chemical tests pertinent 
to their work. Studies outlined for this 
unit include the cause of DDT residual 
deterioration and development of tech- 
niques for further refined analytical 
methods in the determination of minute 
quantities of DDT from various types of 
substra. 

Insectary.—The insectary produces 
large quantities of specimens for use by 
the various investigational projects. An- 
opheles quadrimaculatus is the principal 
insect reared, but colonies of Aédes ae- 
gyptt are maintained and culture of 
houseflies and blowflies are being added. 
Orders are placed with the insectary daily 
for a certain number stage, and species 
of insect. These are kept in the proper 
portable cages and delivered when needed. 

PreRsONNEL.—The work described is 
conducted by a professional staff with a 
broad heterogeneity in training and ex- 
perience and this we consider an impor- 
tant asset. Of the 28 professional scientists, 
20 of whom are commissioned officers, 
there are 8 entomologists, 7 engineers, 2 
chemists, 1 veterinarian, and 10 zoologists 
and biologists. The engineers are sanitary, 
chemical, mechanical and civil, while 
among the biologists are wildlife special- 
ists, parasitologists, protozoologists, and 
medical technicians. The professional staff 
is augmented by adequate sub-profes- 
sional and auxiliary personnel. 

The control of insects of medical and 
sanitary importance has expanded into a 
broad field with diverse professional de- 
mands, and the coordination of profes- 
sional talents is an essential step toward 
routual understanding and increased ac- 
complishments.—12-21-45. 





Insect Pollinators of Alfalfa in California 


E. Gorton Linsuey,' University of California, Berkeley 


Alfalfa is one of California’s most im- 
portant agricultural crops. Since seed 
production is basic to the growing of al- 
falfa, much concern has been felt in recent 
years over a rather general decline in 
yields per acre in the most important seed- 
producing areas. Although the reasons for 
this decline are undoubtedly complex, 
most of the difficulty has centered around 
failure to set seed. Recent investigations 
(Armstrong & White 1935; Tysdal 1940; 
Knowles 1948) would seem to substantiate 
the earlier conclusions of Brand & West- 
gate (1909), Piper e¢ al, (1914), and other 
workers, that alfalfa seed setting depends 
largely on tripping and cross-pollinating 
insects, although it has been shown that a 


high degree of natural self-tripping and 


self fertility exists in certain autogamous 
selections and their derived selfed lines 
and F, hybrids (Kirk 1933). 

A great variety of insects are associated 
with the flowers of alfalfa which might 


conceivably be involved in their pollina- 
tion. The most numerous of these are bees, 
flies, thrips, and butterflies. However, al- 
though alfalfa flowers depend upon insects 
for pollination, they are not adapted for 
obtaining pollination in the most effective 
manner. Miiller (1873) and others have 
pointed out that insects may readily ob- 
tain nectar without tripping the flower by 
simply inserting the proboscis at one side 
of the keel, and that the flowers continue 
to secrete nectar even after tripping, thus 
remaining attractive beyond the period 
when they can receive the maximum bene- 
fit from insect visitation. Effective pol- 
linators, then, must either regulariy and 
deliberately trip the flowers in search of 
pollen, or must frequently, but acciden- 
tally, trip them while seeking nectar or 
while feeding. 

Among the flower visiting insects other 
than bees, butterflies have probably re- 
ceived more attention as potential pol- 
linators than any otner group. This is 
particularly true of the alfalfa butterfly, 
Colias eurytheme (Bdv.), which often 
visits blooming seed fields in large num- 

1 The writer wishes to express his sincere appreciation to 
P. H. Timberlake who assisted with the identification of many 


of the bees involved in this study, and to J. W. MacSwain and 
R. F. Smith who assisted in some of the field work. 
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bers. Most investigators report the fail- 
ure of this species to trip alfalfa, although 
Wildermuth (1911) saw a few individuals 
trip flowers during one season. In any 
event, it is generally agreed that neither 
this nor other species of butterflies are 
important agents in alfalfa pollination. 
With regard to thrips, Piper and his co- 
workers conclude from studies conducted 
in various parts of the country, that they, 
likewise, are unimportant factors. These 
authors do mention, however, that certain 
blister beetles, notably Macrobasis uni- 
color Kirby, which are injurious to the 
flowers, incidentally trip many while feed- 
ing, and Tysdal et al. (1942) record the 


leather-winged beetle, Chauliognathus, as 


a possible important pollinator. Experi- 
ments by Piper and colleagues designed to 


determine the effectiveness of moths and 
various night flying insects led them to the 


conclusion that such insects played at 
most a minor role in tripping alfalfa 
flowers. 

As early as 1873, Urban, after reviewing 
previous work, concluded that bees were 
the primary agents in alfalfa pollination. 
Attention first centered on the honeybee, 
and most investigators now agree that 
this species is an undependable pollinator. 
Henslow (1867) watched honeybees col- 
lecting alfalfa nectar, but in no instance 
did he see them trip flowers. Burkhill 
(1894), in a series of observations, did 
find honeybees tripping flowers on two oc- 
casions. Westgate (1909) reports that out 
of more than 500 visits of honeybees to 
alfalfa flowers, only one resulted in trip- 
ping. Piper et al. (1914) record honeybees 
tripping 0.31 and 1.58 per cent of the 
flowers visited at Pullman, Washington, 
in successive years, and 4.76 per cent at 
Chinook, Montana. Sladen (1918) found 
honeybees plentiful in fields in Alberta 
and British Columbia, but they visited 
the flowers without tripping them. Tysdal 
(1940), from counts made in Ohio, Ne- 
braska, and Wyoming, concluded that 
**... the honey bee was not an effective 
tripper of alfalfa flowers. Out of 6653 
flowers visited by honeybees, a total of 
76 or 1.1 per cent were tripped. . . . Dur- 
ing the same period 798 flowers were 
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Table 1.—Alfalfa pollinators previously reported in North America.' 








AREA 





SPECIES 


Washington 
& Brit. Cel. 


Eastern 
U. 8. 


Alberta 
& Sask. 


Rky. Mtn. 


States Nebraska 





ANDRENIDAE 


Andrena sp. 


x (P)? 


x (T) x (P) 





HALICTIDAE 
Nomia melanderi Cockerell 
Nomia sp. 








x (T) 





MEGACHILIDAE 
Megachile densitarsus Sladen 
Megachile perihirta Cockerell 
Megachile melanophes var. calo- 

gaster Cockerel i 

Megachile vidua Smith 
Megachile manifesta Cresson 
Megachile montivaga Cresson 
Megachile latimana Say 
Megachile pugnata Say 
Megachile sp. 











x (P) 
x (T) x (T) 


x (T) 








APIDAE 
Melissodes sp. 
Bombus sp. . 
Bombus auricomus Rob, 


Bombus separatus Cresson 
Bombus bifarius Cresson 


Bombus borealis Kirby 








x (T) 





1 Exclusive of the honeybee. 
1 Symbols: S=Sladen (1918). 
T =Tysdal (1940) or Tysdal et ai (1942). 
K = Knowles (1943). 
P=Piper et al (1914). 
visited by leaf-cutter bees (Megachile) and 
674 or 84 per cent were tripped.” 
Piper et al (1914), Aicher (1917) and 


Sladen (1918ab) were among the first to 
emphasize the importance of wild bees, 
especially Megachile (leaf-cutter bees) and 
Bombus (bumblebees) in the pollination 
of alfalfa in various parts of the United 
States and Canada. Piper and his col- 
leagues in two different areas found Mega- 
chile latimana Say tripping 90.38 and 
93.33 per cent of the flowers visited, Three 
individuals were timed tripping flowers at 
an average rate of 9.2 per minute or 552 
flowers per hour. At Havre, Montana they 
reported bumblebees tripping 29.47 per 
cent of the flowers visited. In Alberta, 
Sladen found Megachile densitarsus Sladen 
the most abundant leaf-cutting bee in al- 
falfa seed fields, and it was observed trip- 
ping flowers at the rate of 17 per minute. 
He noted that bumblebees, although 
fairly abundant, worked more slowly and 
often tailed to trip flowers. Tysdal (1940) 
also reported bumblebees variable in their 
effectiveness, tripping from 38 to 80 per 
cent of the flowers visited. He concluded 


from his studies that bumblebees are the 


most important pollinators in the eastern 
states, leaf-cutter bees in the middle west- 


ern states, and alkali bees (Nomia spp.) in 


the west. In the last two areas, species of 
Megachile and Nomia tripped more than 
four times as many flowers as all other 
insects combined. In Saskatchewan, 
Knowles (1943), also found leaf-cutter 
bees to be important. M. vidua Smith was 
the most abundant species, with M. 
montivaga Cresson, M. latimana Say, M. 
pugnata Say and certain other species also 
involved. In Europe, the importance of 
bees, in relation to alfalfa has also been 
recognized. Among the wild bees, Helm- 
hold (1929) mentions Macropis labiata 
Fab., Melitta lepurina Panzer, and An- 
thophora bimaculata Panzer. Apparently 
no previous survey has been made of 
alfalfa pollinators in California. 
Meruops.—During the course of the 
present study, direct observation was re- 
lied upon to determine which of the 
pollen-collecting bees in alfalfa fields were 
tripping and cross-yollinating, as well as 
other facts relative to their habits and 
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Table 2.—Alfalfa pollinators in California. 








AREA 





SPECIES 


Blythe 


Tracy- 
Patterson 





COLLETIDAE 
Hylaeus sp. 





HALICTIDAE 
Agapostemon cockerelli Cwfd. 
Aga on melliventris Cress 
Halictus farinosus Say 
Halictus ligatus Say 
Halictus tripartitus Ckll. 
Lasioglossum sp. 
Lasioglossum glabriventris Cwfd. 
Lasioglossum sp. 
Lasioglossum incompletus Cwfd. 
Lasioglossum diversopunctatus Ellis 
Nomia peninsularis Ckll. 
Nomia nevadensis Cresson 
Nomia melanderi Ckll. 


lem ttt dw db de I 





mall lawl law do 
wllunxnl lx» |» 
eee eee ee 
Ll lax tlle ltd 








MEGACHILIDAE 
Anthidium edwardsii Cresson 
Diceratosmia subfasciata subsp. punctata 
Michener 
Megachile brevis Say 
Megachile onobrychidis Ckll. 
Megachile gentilis Cresson 
Megachile sidalceae Ckll. 
Megachile coquilletti Ckll. 
Megachile perihirta Ckll. 


| | ome | oe oe 


ad 
al 
~ 
ad 


lx lnun | 
xl i law | 
wll lm | 
xl linx | 





APIDAE 
Exzomalopsis albicans Prov. 
Melissodes timberlakei Ckll. 
Melissodes obliqua Say 
Melissodes agilis Cresson 
Melissodes sp. 
Melissodes lupina Cresson 
Melissodes stearnsi Ckll. 
Anthophora californica subsp. albomar- 

ginota Timberlake 

Anthophora urbana Cresson 
Hemisia pallida (Fox) 
Xylocopa varipuncta Patton 
Bombus californicus Smith 
Bombus crotchti Cresson 
Bombus sonorus Say 
Bombus nevadensis Cresson 
Bombus morissoni Cresson 
Bombus hunti Greene 
Apis mellifera Linn. 





LTT dwn | 


mI TL TL law lo 


| lm lm x 
LT 1 dbo | 
let dn | 


xmlau le | 








wall lawn lx | 
ell lawl | | 
ml ila lal lw | 
wamm lta | |e | 











behavior. The general survey, however, 
was based upon samples taken in counts 
from 25 broad sweeps with a net across 
the blossoms while the collector moved 
rapidly through the field taking about two 
strides between each sweep. From eight to 
20 such 25-sweep counts were taken in 
each field depending upon its size. The 
advantages of this method over various 
others which have been previously used 
are (1) that the results can be readily dup- 


licated by other observers, (2) the bees 
may be anaesthetized in the net before 
counting making more accurate identifi- 
cations possible (questionable specimens 
may be retained for further study), (3) 
counts are not handicapped under un- 
favorable conditions for observation, as 
when a strong wind is blowing, (4) counts 
reveal the presence of species not other- 
wise noted by the observer, either because 
of their rapid reaction to his approach or 

















February 1946 





because they are not conspicuous, (5) it is 
possible to accurately determine whether 
or not each captured individual was actu- 
ally collecting pollen (if necessary pollen- 
collectors may be retained for pollen 
analysis). The main disadvantage of the 
method is that as a result of different 
flight habits and behavior patterns, it 
presumably collects a larger proportion of 
honeybees than wild bees, but in the 
present study this would seem to be com- 
pensated for by the fact that it provided a 
uniform method of comparing one field 
with another. 

Areas SurvEveD—Four California 
areas were investigated during the 1945 
season. The first of these was the Palo 
Verde Valley in the vicinity of Blythe, 
on the Colorado River in eastern River- 
side County. Here counts were taken in 
thirteen seed fields and casual observa- 
tions made in several others. The sur- 
rounding region is a desert and the area is 
completely isolated from the alfalfa grow- 
ing regions of southern California. 

The second area was in the vicinity of 
Hemet, in western Riverside County, near 
the northwest base of the San Jacinto 
Mountains. This region is much more in- 
tensely cultivated but is surrounded by 
dry, rolling, uncultivated hills. 

The third area lies between Tracy and 
Patterson in San Joaquin and Stanislaus 
Counties near the northwest end of the 
San Joaquin Valley, in one of the richest 
agricultural areas of the state. 

The fourth area was Ryer Island, in the 
delta region of the Sacramento River. 
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Table 3.—Occurrence of pollinating bees in alfalfa seed field in the Palo Verde Valley, California. 
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This locality differs markedly from the 
other three in the presence of a high water 
table, making irrigation of -alfalfa un- 
necessary. 

Species CoMPOSITION OF PoPULATIONS. 
—As would be anticipated, the species 
composition of the populations of pollina- 
ting bees varied with the areas studied 
(Tables 2, 3 and 4). The greatest differ- 
ence was evident in the Blythe area, where 
several species occurred which did not ap- 
pear elsewhere, notably Agapostemon mel- 
liventris, Nomia peninsularis, Diceratosmia 
subfasciata punctata, Megachile sidalceae, 
Anthophora californica albomarginata, and 
Hemisia pallida. All of these are largely 
Lower Sonoran species which have moved 
over to alfalfa from various desert and 
semi-desert plants. The remaining three 
areas, although separated in the extreme 
by more than four hundred miles are re- 
markably similar in their species com- 
position as indicated by the present sea- 
son’s study. 

It is interesting to note that up to the 
present time, only two species other than 
the honeybee were found in alfalfa fields 
in all four areas, namely Megachile brevis 
and Melissodes timberlakei, which when 
abundant, appear to be two of the most 
effective trippers and cross-pollinators en- 
countered in the study. 

The following species were found pol- 
linating alfalfa in the areas surveyed in 
1945. 

YeELiLow-Facep Bees.'—On September 


1 Colletidae: Hylaeinae. 
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Agapostemon melliventris 
Lasioglossum sp. 
Nomia peninsularis 
Nomia nevadensis 
Diceratosmia subfasciata 
punctata 
Megachile gentilis 
Megachile brevis 
Megachile sidalceae 
Melissodes timberloker 
Melissodes obliqua 
Anthophora californica 
albomarginata 
Xylocopa varipuncta 
Apis mellifera 
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6, large numbers of yellow-faced bees 
(Hylaeus sp.) suddenly appeared in one 
field in the vicinity of Tracy, although 
none had been taken previously and none 
were found subsequently in this or any 
other field under observation. On this 
date the bees were observed cross-pol- 
linating flowers which had been tripped 
by other bees, primarily Megachile spp. 
and Melissodes spp. The reasons for the 
sudden appearance and disappearance of 
this species are not evident but the prob- 
abilities are that it is not an important 
factor in alfalfa pollination. 

Sweat Bees'.—Metallic Sweat Bees.— 
Agapostemon cockerelli Crawford occurs 
in western North America from British 
Columbia to Mexico. It is the commonest 
member of the genus in California and 
was found in alfalfa fields in all of the 
areas under study except Blythe. It col- 
lects pollen from a wide variety of plants, 
but when working alfalfa it is an efficient 
pollinator. In the Ryer Island fields, large 
numbers of males appeared on September 
12 and continued abundant through the 


Table 4.—Occurrence of pollinating bees in 
alfalfa seed fields in the Hemet area, California. 
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Agapostemon cockerelli 
Halhetus farinosus 
Halictus ligatus 
Lasioglossum glabriventris | 
Lasioglossum sp. 
Nomia melanderi 
Anthidium edwardsii 
Megachile brevis 
Megachile onobrychidis 
Megachile coquilletti 
Megachile gentilis 
Eromalopsis albicans 
Melissodes obliquus } 
Melissodes timberlakei } | x x 
Melissodes n. sp. | x 
Anthophora urbana 
Bombus crotchii | | x 
Bombus sonorus 
Bombus californicus | 
Apis mellifera | | x 
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19th, when counts were terminated, al- 
though females had been taken but spar- 
ingly during the rest of the season. This 
suggests that a large population of A. 
cockerelli was nesting in the area but that 
relatively few were collecting pollen from 
alfalfa. This species nests very deeply in 
hard soil, far below the level of cultivation 
The males appear late in the fall and mate 
with the females which then hibernate 
like various species of Halictus and pro- 


1 Halictidae: Halictinae. 
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vision their cells and rear their brood dur- 
ing the following season. 

Agapostemon melliventris Cresson was 
found pollinating alfalfa only in the 
Blythe area, although it was present in 
significant numbers in but four of thirteen 
fields. It occurs in southwestern United 
States and northern Mexico (Sandhouse, 
1936), and like other species of the genus, 
will apparently collect pollen from a wide 


Table 5.—Occurrence of pollinating bees in 
alfalfa seed fields in the Tracy-Patterson area, 
California. 
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pana sp. — 
gapostemon cockerelli 
Haletus tripartitus 
Lasioglossum n. sp. 
Lasioglossum incompletum 
Nomia melanderi 
Anthidium edwardsii 
Megachile brevis 
Megachile onobrychidis 
Melissodes timberlakei 
Melissodes agilis 
Melissodes lupina 
Melissodes stearnsi 
Bombus crotchi 

Apis mellifera 











variety of flowers. In the Blythe area, 
while alfalfa was in bloom, A. melliventris 
was observed collecting pollen from most 
of the other pollen plants which were blos- 
soming at the same time. Even among the 
legumes, Melilotus and certain other spe- 
cies appeared to be preferred to alfalfa. 
Nevertheless, when collecting pollen from 
alfalfa it is slightly more efficient than the 
honeybee. On a cloudy day at 9 a.m. it 
was timed tripping flowers at the rate of 
4 per minute as against 3.5 for the honey- 
bee, and on a clear hot day at 8:30 a.m. it 
averaged 9.5 flowers per minute as against 
8 per minute for the honeybee. 

Like A. cockerelli, this species nests deep 
in the soil, below the level of cultivation. 
The males appeared earlier in the year 
than some other species of Agapostemon, 
presumably because under the desert con- 
ditions that prevail in the Blythe area, the 
season is considerably advanced. 

TRUE Sweat Bees*.—The common and 
widely distributed Halictus farinosus Say 
was found occasionally in alfalfa fields in 
both the Hemet and Tracy-Patterson 
areas. Like the honeybee, it will collect 
from most pollen-producing plants and 
prefers a great many other common pollen 


2? Halictus and Lasioglossum. 
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sources to alfalfa. Although it effectively 
trips and pollinates alfalfa when working 
it, the probabilities are that it will prove 
to be an important pollinator only under 
exceptional circumstances. 

The pollen collecting habits of Halictus 
ligatus Say are similar to those of H. 
farinosus, and it was encountered under 
much the same circumstances. Although 
slightly more abundant in alfalfa fields, it 
is probably equally undependable as a pol- 
linator. 

Halictus tripartitus Cockerell is a small 
bee and is very common in alfalfa fields 
in the San Joaquin and Sacramento 
Valleys. In the Tracy-Patterson area it 
was present in every field investigated. It 
is an effective cross-pollinator of alfalfa 
but confines its visits largely to flowers 
tripped by other bees. It was actually ob- 
served tripping flowers on a few occasions 
but it was not clear whether this was the 
result of deliberate action on the part of 
the bee or of accident. Males were rarely 
encountered during the season of alfalfa 
bloom. 

This species nests semi-gregariously, in 
flat areas, below the level of cultivation. 

Lasioglossum incompletum (Crawford) 
is even smaller than the preceding. It was 
found equally abundant in the San Joa- 
quin and Sacramento Valleys, where it 
cross-polinated tripped flowers. Its nest- 
ing habits are similar to those of Halictus 
tripartitus, although males were abundant 
throughout most of the alfalfa blooming 
season. 

Lasioglossum glabriventris (Crawford) 
was found in fields in the Hemet area, be- 
having much as L. incompletum. Two 
similar but undetermined and presumably 
new species were taken in the Blythe and 
Hemet areas, respectively. 

ALKALI Bees'.—Nomia peninsularis 
Cockerell is the commonest and most 
important pollinator among the wild bees 
in the Blythe area, and was present in 
every ‘field surveyed. It is a rapid worker 
and effective cross-pollinator. On June 8, 
at 9:30 a.m., it was timed tripping flowers 
at the average rate of 22 per minute. This 
was a clear, warm day. On June 22, at 
4:30 p.m., with the sky partially over- 
cast, it was tripping flowers at the average 
rate of 12.6 per minute. The nesting habits 
of N. peninsularis were not fully investi- 


{Halictidae: Nomiinae: Nomia 
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gated. However, it was found nesting 
semi-gregariously along dirt roads and 
among roadside weeds, in a sandy, alkali 
soil. The burrows were about 5 mm. in 
diameter and averaged about 8 inches 
apart in the denser areas. One incomplete 
burrow was excavated and the first cells 
were encountered at a depth of about two 
and one-half inches. In view of the fact 
that most species of Nomia tend to exca- 
vate much deeper burrows and to place 
their first cells at a lower level, it is pos- 
sible that this burrow was not typical. 


Table 6.—Occurrence of pollinating bees in 
alfalfa seed fields on Ryer Island, California. 
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Agapostemon cockerelli 
Halictus tripartitus 
Halictus ligatus 
Lasioglossum incom pletum 
Anthidium edwardsii 
Megachile perihirta 
Megachile brevis 
Megachile onobrychidis 
Melissodes timberlakei 
Melissodes obliqua 
Anthophora urbana 
Bombus sonorus 
Bombus californicus 
Apis mellifera 
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Nomia melanderi Cockerell is very 
closely related to the preceding and ap- 
pears to have similar habits. It is much 
more widely distributed, however, occur- 
ring from the Pacific northwest to south- 
ern California and the Rocky Mountain 
states, where it has been recorded by 
Tysdal (1940) as an important alfalfa 
pollinator. In California, it was found 
abundantly only in the Hemet area and 
was encountered in a single field in the 
Tracy-Patterson area. It is probable that 
further surveys will reveal it to be an im- 
portant pollinator in various other parts 
of the state. N. melanderi also nests in flat, 
alkali soil. Its cell series occur at different 
levels, usually from six to twelve inches. 

Nomia nevadensis Cresson is primarily 
a pollinator of Compositae, and in the 
Blythe area is extremely abundant on 
arrowweed (Pluchea sericea), which is 
common along the levees, roadsides, and 
in uncultivated areas. However, due to 
the large populations which occur in the 
area, it was present in effective numbers 
in ten of the twelve Blythe fields. In the 
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Hemet area, the species was fairly com- 
mon but was not found collecting pollen 
in any of the fields under observation. 

At Blythe, an opportunity arose to ob- 
serve the nesting habits of this species. It 
was discovered nesting gregariously in 
tremendous numbers in flat areas of 
sandy, alkali soil adjacent to, or along 
levees. The entrance ways were protected 
by a curved turret suggestive of those 
constructed by certain anthophorids. The 
burrow itself extends down perpendicu- 
larly for 9 or ten inches, then turns 
abruptly in a horizontal plane. Here it 
may branch and continue with a series of 
cells placed below the tunnel. After three 
or four inches the tunnel then turns 
abruptly downward again for another five 
or six inches, then levels off with a new 
series of cells. This may be repeated to a 
depth of 18 to 24 inches, although cell se- 
ries are rarely found below 15 or 16 inches. 
Below the burrows, the cell arrangement 
is usually not always regular or in the 
same plane. 

Nomia nevadensis is an active bee and 
efficient pollen collector. On June 24, fe- 
males were flying over a nesting site at 7 
a.m. and several began bringing in loads 
of pollen at 7:50 a.m. On several occasions 
they were observed still collecting pollen 
industriously at 6-6:30 p.m. 

Corr-w Berss.'—Anthidium edwardsii 
Cresson was found collecting pollen from 
alfalfa in all of the areas surveyed except 
Blythe. It is a rapid worker, tripping and 
pillinkiine in much the same way as 
Megachile. In the Hemet area it was pres- 
sent in effective numbers in four out of 
seven fields, in the Tracy-Patterson area 
in three out of six fields, and in both fields 
at Ryer Island. It was most numerous in 
July and August and by September had 
begun to disappear. 

A. edwardsii is a ground nesting form, 
utilizing burrows of Sphex and other 
ground nesting wasps in roadways, and 
other bare areas. Its nests are usually from 
four to five inches deep, well within the 
level of cultivation. 

Osmune Berers.—Diceratosmia  sulfa- 
sciata punctata Michener was found to be 
an effective pollinator in three fields in 
the Blythe area. It was observed tripping 
flowers at the rate of 9.5 per minute at 
8:30 a.m. on a clear warm day. The spe- 
cies nests in old burrows of wood-boring 


1 Megachilidae. 


Vol. 39, No. 1 


beetles, especially those of bostrichids, 
cerambycids, of buprestids. The three 
fields concerned were in outlying areas 
adjacent to thickets of willow, mesquite, 
and other trees containing suitable bur- 
rows. Here the populations of Diceratos- 
mia were large and they represented a 
high percentage of the effective pollinators 
in the fields. 

Lear-CuttinG Brrs.'\—Megachile peri- 
hirta Cockerell is widely distributed in 
western North America and was the 
largest species of Megachile (12-13 mm.) 
found in alfalfa fields during the present 
study. On Ryer Island, where it was very 
abundant in the two fields under obser- 
vation, it was observed tripping alfalfa 
flowers at an average rate of 23.4 per 
minute at 9:30 a.m. Here it was nesting 
both in the ground and in stacked bales 
of hay and flying a quarter of a mile to the 
farmhouse garden for leaves of rose bushes 
and other shrubs for lining its cells. 

Sladen (1918a~-b) found this species 
tripping alfalfa flowers in Alberta and 
British Columbia. It was also observed 
nesting gregariously in a nearly new, bare, 
gravel railway embankment in Ontario 
and in a nearly new gravel road leading 
to a dwelling in British Columbia. He 
stated “there is, therefore, some hope that 
perthirta might be encouraged to breed 
in the vicinity of alfalfa fields by spread- 
ing gravel and making it firm by rolling.” 
However, observations by the writer as 
well as those of Hicks (1926, 1936), indi- 
cate that this species also nests in sandy 
and clay soils devoid of gravel. In Colo- 
rado, Hicks observed this species collect- 
ing pollen at 8:30 a.m. He also noted that 
the duration of the putlen collecting trips 
was from 20 to 25 minutes and that the 
female spent from 2-10 minutes in the 
nest between trips. Apparently about a 
day is required to construct and store 
pollen for a single cell. 

Two closely related species, Megachile 
densitarsus Sladen (= WM. diligens Sladen, 
not Smith) and M. latimanus Say are also 
important pollinators of alfalfa. The for- 
mer occurs in the Pacific Northwest and 
through the Rocky Mountain region to 
New Mexico, the latter from the Rocky 
Mountains eastward (Mitchell 1936). All 
of these species appear to collect pollen 
from both legumes and composites. M. 
perthirta has been found taking pollen 
from Trifolium and Meliotus. Mitchell 
(1936) lists a number of other flowers 
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records but does not designate those from 
which the bees were taking pollen. 

Megachile brevis Say is one of the com- 
monest and most widely distributed spe- 
cies of Megachile in North America, oc- 
curring throughout the United States and 
southern Canada. It flies throughout the 
season when alfalfa is in bloom, is an effec- 
tive pollinator of that plant, but shares 
its activities with other Leguminosae 
(esp. Lotus, Melilotus, Trifolium, and 
Lupinus), many Compositae, and certain 
other plants. In spite of this fact, it was 
found in significant numbers in some of 
the fields in all areas studied, and was 
especially effective in the San Joaquin 
and Sacramento Valleys. It is a rapid 
worker and at 9:30 a.m. on Ryer Island, 
was timed tripping flowers at an average 
rate of 20.2 per minute, On one occasion 
it was still working actively at 6:15 P.M. 
The species normally nests in hollow 
stems of annual and perennial plants, or 
in burrows of wood-boring insects. In 
addition, Rau & Rau (1916) found the 
species nesting in a railroad tie, and Hicks 
(1926) and Rau (1934) have recorded the 
species nesting under or between rocks. 
Since M. brevis is part of a complex 
of species or subspecies, it is not certain 
that all of these observations pertain to 
the same form. 

Megachile onobrychidis Cockerell is a 
western form very similar to M. brevis 
and is treated by Mitchell (1935) as a 
variety of that species. In the fields sur- 
veyed it was present in about equal num- 
bers with M. brevis and as far as could 
be determined its habits are very similar. 

Megachile coquilletti Cockerell, closely 
related to the two preceding, was found 
collecting pollen in two fields in the 
Hemet area. It occurs along the Pacific 
Coast and eastward into Idaho and Utah, 
but little is known of its habits. Mitchell 
(1935) records it from flowers of Eriogo- 
num and Cleomis. 

Megachile gentilis Cresson occurs from 
the Pacific Coast to Texas and Idaho. In 
California it was taken pollinating alfalfa 
only in the Blythe and Hemet areas but 
will probably be found elsewhere. It has 
a long flight period and probably col- 
lects pollen from a wide variety of plants. 
Mitchell (1935) lists Lotus and Eriogonum 
as flowers visited by this species. 

Megachile sidalceae Cockerell was en- 
countered in alfalfa fields only at Blythe. 
It is a desert species occurring from Texas 
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to southern California and south into 
Mexico. It apparently normally collects 
pollen from mesquite and possibly other 
legumes, although it has been collected on 
Sidalcea and various Compositae. 

ANTHOPHORID Bess.'—Ezomolapsis al- 
bicans Provancher was observed collect- 
ing pollen from alfalfa in one field in the 
Hemet area. The probabilities are that it 
was overlapping from some other plant 
and will only occasionally prove of impor- 
tance in alfalfa pollination. 

LoneHorNED Bees.\—Melissodes tim- 
berlakei Cockerell is the commonest and 
most abundant species of Melissodes pol- 
linating alfalfa in California. It was found 
in each of the areas investigated (Blythe, 
Hemet, Tracy, Patterson, Ryer Island) 
in the course of this study and was taken 
at Alturas, Modce Co., and at Davis, 
California as well as at Yuma, Arizona, 
by Dr. O. C. Riddle. At Blythe it was 
present in significant numbers in five out 
of thirteen fields, at Hemet in six out of 
seven fields, in the Tracy-Patterson area 
in all six fields as well as in both fields on 
Ryer Island. It is a rapid and effective 
pollinator. On Ryer Island, at 9:30 a.m. 
it was observed tripping an average of 
18.8 flowers per minute. 

The species nests in bare ground at a 
depth of from three to six inches, well 
within the depth of cultivation. The en- 
trance tunnel is about 6 mm. in diameter 
and enters perpendicularly for about three 
inches, then turns abruptly at right 
angles. The nest series consists of cells 
placed vertically in short extensions from 
the main shaft. A brief account of the 
nesting habits has been given by Hicks 
(1926). 

Melissodes obliqua (Say) is the largest 
of the species of Melissodes encountered 
in alfalfa fields. It is widely distributed in 
western North America and collects pol- 
len primarily from Compositae such as 
Helianthus, Grindelia, etc. However, it 
was found collecting alfalfa pollen in one 
field at Blythe, one at Hemet, and one 
on Ryer Island. It works very fast, is an 
effective pollinator, but presumably only 
turns to alfalfa as a pollen source when 
suitable Compositae are unavailable. The 
species nests in bare ground, the cells 
usually occurring at a depth of from six 
to ten inches. Frequently several females 
use the same entrance burrow. The bur- 
row enters the ground perpendicularly, 

1 Apidae: Anthophorinae. 
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then turns suddenly at a right angle and 
opens into an antechamber, presumably to 
permit the passing of bees. From the 
antechamber, other burrows lead out to 
the next series containing the cells. An 
account of the nesting habits of this spe- 
cies in Colorado has been given by Custer 
(1928). 

Melissodes stearnsi Cockerell was ob- 
served collecting pollen from alfalfa in 
several fields in the Tracy-Patterson area, 
but was present in significant numbers 
in only one of those under observation. 
No opportunity was offered for the study 
of its habits or the evaluation of its im- 
portance. M. agilis Cresson was also 
abundant in one of the fields in the same 
area. Elsewhere it was rarely encountered 
or represented by a few males in search 
of nectar. This was also true of M. lupina 
Cresson. 

A sixth species, which Mr. Timberlake 
informs me is apparently undescribed, 
was taken pollinating alfalfa in a field at 
Hemet. Too little was observed of its 
habits to evaluate it at this time. 

Furrep Brers.—Anthophora californica 
albomarginata Timberlake is one of the 
most common bees in the alfalfa fields in 
the Blythe area. However, it collects pol- 
len from a wide variety of other plants, 
especially from tamarisk, arrowweed, and 
other plants growing along the levees 
which bisect the Palo Verde Valley. 
Nearly half of the individuals encountered 
in alfalfa fields are not collecting pollen, 
although a good many of these are males. 
When collecting alfalfa pollen, this spe- 
cies is a fast and effective tripper and 
cross-pollinator, and in several fields ap- 
pear to be accomplishing a significant 
amount of pollination. 

The species nests semi-gregariously or 
in solitary burrows in banks or occasion- 
ally flat ground. The cell series are at a 
depth of from four to eight inches. 

Anthophora urbana Cresson is probably 
the commonest member of the genus on 
the Pacific Coast. It has been found in 
alfalfa fields in all of the areas thus far 
surveyed in California except Blythe. Mr. 
H. M. Tysdal noted it tripping flowers 
in a field at Klamath Falls, Oregon, on 
July 27. Unfortunately, the species, like 
the honeybee, collects pollen from a great 
many different species of flowers, and is 
to be found in numbers in alfalfa fields 
only when other more readily available 
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pollen plants are absent or through 
blooming. When collecting pollen it trips 
flowers rapidly and both Dr. O. C. Riddle 
and the writer have independently noted 
it tripping flowers deliberately while col- 
lecting nectar alone. 

This species is semi-gregarious and fre- 
quently nests in large “colonies” in bare 
flat land, roadways, banks, and cliffs. It 
is a strong flier and will fly a distance of 
a mile or two when necessary, in its search 
for nectar or pollen. 

Hemisia pallida (Fox) was not taken in 
any of the surveys but was observed trip- 
ping flowers and collecting pollen in one 
of the fields at Blythe by Mr. Fred Platt. 
It is a desert species, normally visiting 
Dalea, Cercidium, and other leguminous 
trees and shrubs. Because of its size and 
speed it would undoubtedly prove to be 
a very effective pollinator of alfalfa if it 
should visit fields in significant num- 
bers. However, the probabilities are that 
it will be only occasionally attracted to 
alfalfa. In any event, it would be limited 
to fields adjacent to desert areas. 

CARPENTER Bees.'\—The valley car- 
penter bee, Xylcopa varipuncta Patton, is 
a very effective pollinator of alfalfa. In a 
field at Blythe, California, it was observed 
tripping and pollinating flowers at the 
average rate of 23 per minute at 8:30 a.m. 
It not only trips flowers deliberately while 
collecting pollen, but, because of its 
weight, was frequently noted tripping 
flowers mechanically when alighting on 
or taking off of a raceme. It was present 
in significant numbers in six of the thir- 
teen fields under observation at Blythe 
and was particularly common in the fields 
adjacent to the Colorado River, where an 
abundance of suitable dead wood was 
available for nesting purposes. At Hemet, 
California, the species was observed in 
several fields but was not present in sig- 
nificant numbers in any of those involved 
in the present study. 

The females of the valley carpenter bee, 
are large (18-23 mm.), robust, black bees 
with brilliant violaceous or brassy reflec- 
tions. The males are golden brown. The 
species nest in dead and often partially 
decayed oak, mesquite, eucalyptus, pep- 
per and other broad-leaved trees. The 
burrows are from five to twelve inches 
long, usually follow the grain, and several 


1 Apidae: Xylocopinae. 
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may have a common entrance. Within the 
burrows a series of cells is constructed, 
each provisioned with pollen for a single 
larva, and separated from the adjacent 
cell by a spiral disc of wooden chips. 
Under favorable conditions a female pro- 
visions about one cell a day. The species 
is fairly common in the Southwest, espe- 
cially in the valleys and foothill areas. A 
brief account of its habits has been given 
by Nininger (1916). 

BuMBLEBEES.—Bombus crotchii Cres- 
son proved to be the commonest bumble- 
bee encountered in alfalfa fields this 
season, and was particularly abundant in 
the Hemet area. In one field, the popula- 
tion reached a peak of 18 per 100 sweeps. 
About one-third of these, however, were 
males, and among the females, only about 
80 per cent were collecting pollen. Al- 
though individually bumblebees are more 
dependable than honeybees in alfalfa 
pollination, they are much less effective 
than most solitary bees. Outside of the 
Hemet area they were not abundant 
enough to be regarded asmportant pol- 
linators, and at Hemet, the populations 
varied tremendously from field to field 
and from one part of a single field to 
another. Since this variation did not coin- 
cide with variations in the density of 
honeybees and wild bees in general, it 
was presumed that it may have been 
influenced by nearness of nesting sites, 
although this was not determined by 
actual observation. 

As with the preceding species, Bombus 
californicus Smith did not appear to be a 
dependable alfalfa pollinator. When ac- 
tively collecting pollen it trips a large 
number of flowers but carries its pollen 
in a moist ball, as do other bumblebees 
and honeybees, and it is thus less readily 
available for cross pollination. It was 
found in small numbers in most of the 
areas surveyed but was regarded as im- 
portant in only a few of the fields studied. 
B. sonorus was fairly abundant in the 
Hemet area, and was occasionally found 
elsewhere, but its importance would ap-~ 
pear to be about the same as that of B. 
crotchi and B. californicus. 

Bombus nevadensis Cresson, B. mor- 
risoni Cresson, and B. hunti Greene were 
al. collected tripping alfalfa flowers in a 
seed field at New Pine Creek, Modoc 
County, on July 30, 1945, by Dr. O. C. 
Riddle. This suggests that in the north- 
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eastern part of the state bumblebees may 
play a greater role in alfalfa pollination 
than in the other areas thus far investi- 
gated. 

Tue HoneyBEE.—A pis mellifera L. As 
would be anticipated, the honeybee was 
present in every alfalfa seed field surveyed. 
However, in general the density of pollen- 
collecting individuals compared unfavor- 
ably with that of the solitary bees, both 
on an area basis and on a field basis. 
The effectiveness of honeybees in pollinat- 
ing alfalfa is modified by many factors, 
the most important of which will be dis- 
cussed in another report. Although the 
honeybee must be regarded as a poten- 
tially important alfalfa pollinator, it did 
not live up to its potentialities in any 
field surveyed in any of the areas during 
the four months period in 1945 when 
these studies were conducted. The data 
accumulated during the present season 
leads to the inescapable conclusion that 
the major portion of the pollination of 
alfalfa in the areas surveyed was accomp- 
lished by solitary bees. It is possible, how- 
ever, that the areas and fields selected are 
not representative of conditions as they 
exist in the state as a whole, or that 
the 1945 season was not normal in this 
regard for the areas involved. The general 
accuracy of the present picture can only 
be determined by future studies. 

MiscELLANEOus InsEcts.—Various nec- 
tar gathering insects other than bees were 
also observed in the course of the present 
study, to determine whether or not any 
of them consistently tripped alfalfa flow- 
ers. Special attention was given to bomby- 
liid and syrphid flies, vespoid and sphecoid 
wasps, butterflies and certain other groups 
of insects. No other species of insect was 
observed to deliberately trip an alfalfa 
flower in the sense that it is tripped by a 
bee. All of them extracted nectar through 
the side of the blossom, although in the 
Blythe area one large scoliid wasp (Camp- 
somerus plumipes Cresson) frequently 
tripped flowers with its feet when alight- 
ing or taking off from a raceme. In view 
of its abundance in several fields it is 
probable that it may be regarded as a 
factor in tripping, if not in pollination. 

ConcLusions.—From the data ob- 
tained in surveys of alfalfa seed fields in 
four areas of California during the season 
of 1945, the following conclusions may be 
drawn: 
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(1) The only significant insect agents of 
alfalfa pollination appear to be bees. No 
other insects were observed to deliber- 
ately trip alfalfa flowers, although a sco- 
liid wasp, Campsomerus plumipes, trips 
and cross-pollinates mechanically in the 
Palo Verde Valley. 

(2) In each of the areas concerned in 
the study the major portion of the trip- 
ping and pollination of alfalfa was ac- 
complished by wild bees. 

(8) In the Palo Verde Valley, 12 species 
of wild bees were found tripping and 
pollinating alfalfa. Of these, Nomia pen- 
insularis was the most abundant and was 
found in every field. 

(4) In the Hemet Valley, 19 species 
were found. Of these, Melissodes timber- 
lakei, various species of Megachile, Nomia 
melanderi, and Anthidium edwardsii were 
probably the most important. No single 
species was found in every field. 
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(5) In the northwest portion of the San 
Joaquin Valley (Tracy-Patterson area), 
14 species were encountered, of which 
Melissodes timberlaket appeared to be by 
far the most important, followed closely 
by Megachile brevis, M. onobrychidis, and 
Anthidium edwardsii. 

(6) In the delta area of the Sacramento 
Valley (Ryer Island), 13 pollinators were 
present, of which Melissodes timberlakei 
and various species of Megachile were 
again the most important. 

(7) Honeybees were present in varying 
numbers in all of the fields but both the 
percentage and total numbers of pollen- 
collectors compared unfavorably with the 
solitary bees. Bumblebees, although in- 
dividually more efficient than honeybees, 
were inferior to other wild bees and were 
usually not abundant enough to be re- 
garded as important factors in alfalfa 
pollination.—11-27-45. 
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Factors Involved in the Separation of Macrocentrus 
ancylivorus Cocoons from ‘Tuber Worm Pupae 


Cuas. H. Martin and Guenn L. Finney, University of California, 
Beneficial Insect Investigations, Albany 


In 1944 Finney et al. reported a method 
for the mass production of Macrocentrus 
ancylivorus Rowher with the potato tuber 
moth, Gnorimoschema operculella (Zell.) as 
a host. Their separation of the host from 
the parasite was accomplished by the 
emergence differential of the moth and 
parasite adults (Finney ef al. 1945). 

This method of separation became 
historical when Bartlett & Martin (1945) 
reported in a scientific note that a solu- 
tion of sodium hypochlorite would dis- 
solve the silk of the tuber moth cocoons 
and free the parasite cocoons and host 
pupae. Finney (1945) reported that the 
parasite and host could be separated in 
ethyl alcohol. 

Some losses in the number of parasites 
produced were encountered during the 
inauguration of the use of sodium hypo- 
chlorite and alcohol in the separation of 
the parasite from the host, The major 
factors contributing to these losses were 
mechanical injury, the toxicity of chlorine 
in decomposing solutions of sodium hypo- 
chlorite, toxicity of alcohol, and the loss 
of parasitized host larvae in the separa- 
tion baths because of late cocooning of 
some of the parasite larvae. Techniques 
which were used to overcome these losses, 
or to reduce them to a minimum, are 
reported here. 

MecuanicaL Injury.—Early in the 
1945 season the average monthly mortal- 
ity for Macrocentrus ancylivorus stages 
(larvae, prepupae, and pupae) in the 
separated cocoons was 40 per cent with a 
range of 9 to 78 per cent. As experience 
was gained and methods were improved, 
the monthly average mortality was re- 
duced to the normal 20 per cent with a 
range of 5 to 60 per cent. Much of this 


improvement was due to corrections in 
the handling of the cocoons. 

There were two sources of mechanical 
injury during the handling of the cocoons. 
One was due to covering the bottoms of 
the cocooning trays with a layer of sand 
approximately 3 to 1 inch deep. This was 
an excessive amount since the larvae 
began cocooning at the top and rarely 
reached the bottom of the layer. The sand 
had to be sifted from the cocoons to 
avoid the accumulation of it in the sodium 
hypochlorite solution. Later the minimum 
amount of sand needed was poured in 
adjacent ridge-rows 2 inches wide and 
2 inch high at the peak of the ridge. Then 
the larvae cocooned at the bottom as well 
as at the top surface of the sand. This 
resulted in a mat of cocoons with little or 
no excess sand. 

The second type of mechanical injury 
occurred during the treatment of the 
cocoons in the sodium hypochlorite and 
the alcohol and water baths. The early 
techniques involved first treating the host 
cocoons in sodium hypochlorite in a con- 
tainer with a screen bottom, and then 
transferring the freed parasite cocoons 
and host pupae through a funnel and an 
L-shaped pipe to a trap-bottomed vessel 
for separation of the two stages in alcohol. 
The source of injury was the dropping of 
the cocoons into the funnel and washing 
them through the pipe. 

Such technique was improved by using 
the same container for both freeing and 
separating. This basket was 13 inches 
high and 11 inches in diameter. It was 
fitted with a trap-bottom by hinging two 
half-moon-shaped doors to a narrow strip 
of metal fastened across the bottom. A 
flexible Y-shaped harness of heavy wire 
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was connected to a ring centered near 
the outside edge of each door so that they 
could be raised and lowered as needed. 

The basket used to catch the host pupae 
and the host and parasite larvae was 13 
inches high and 13 inches in diameter. 
The frames of both vessels were made of 
bronze welding rods and covered with 
14-mesh copper screen. 

The procedure for freeing and separat- 
ing the parasite and host is begun by fil- 
ling the trap-basket with host cocoons to 
a depth of 3 inches. The cocoons are im- 
mersed in the sodium hypochlorite solu- 
tion and kept agitated by gently swirling 
the basket until the parasite cocoons and 
pupae are free. The silk of the host co- 
coons dissolves, and the loose sand drops 
through the meshes of the wire screen to 
the bottom of the sodium hypochlorite 
container. In stable solutions the host 
cocoons are completely disintegrated in 
20 to 30 seconds. 

The parasite cocoons and host pupae 
are rinsed for 15 or 20 seconds in a con- 
tainer of tap water. Spraying with water 
from the tap is a source of mechanical 
injury. The basket is drained thoroughly 
so as to avoid dilution of the alcohol. 

After rinsing, the trap-basket is lowered 
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inside the large basket which is set in the 
container of alcohol. The trap doors are 
dropped to permit the host pupae to fall 
into the larger basket. Some host pupae 
intermingle with the parasite cocoons on 
the surface of the alcohol. These will sink 
when the mixture is stirred by hand. The 
pupae which persist in floating do not 
usually emerge. Separation is complete 
within 20 to 30 seconds. 

After separation the trap-basket is 
raised high enough in the alcohol to pre- 
vent the host pupae from drifting back 
into the container and the doors are 
closed. The basket, which now contains 
only parasite cocoons, is removed from 
the alcohol. The unrinsed cocoons are 
spread thinly over a cloth-covered frame 
and quickly dried before an electric fan. 

The host pupae can accumulate on the 
bottom of the large basket in the alcohol 
as long as an hour without any apparent 
effect upon the emergence of the moths. 
They are dried without rinsing. 

The host larvae and parasite larvae 
which also accumulate in the alcohol can 
be separated from the host pupae in a used 
solution of sodium hypochlorite. The 
larvae will sink while the pupae will con- 
tinue to float. 


Table 1.—Effect of stable and decomposing solutions of 1 part 21 per cent sodium hypochlorite 
and 5 parts water on the mortality of Macrocentrus ancylivorus. 








SoLuTion Data 


Per Cent Deap 
AVERAGE 





Tempera- 
ture 


Time to disintegrate 
host cocoons 


Average per 
100 cocoons 


Morta.irty, 


Range for lots of 
Au. Lots 


50 cocoons 


Max. 





Min. 


Per Cent 





Stable Solutions 


78° F. 
78° F. 
78° F. 
78° F. 


25 seconds 
25 seconds 
25 seconds 
25 seconds 


14 12 16 
14 8 22 
12 8 17 
16 14 18 


Decomposing Solutions Releasing Chlorine 


90° F. 
90° F. 
83° F. 
83° F. 
83° F. 


60 seconds 
60 seconds 
40 seconds 
40 seconds 
30 seconds 


81 76 86 
60 52 68 
40 31 49 
26 20 32 
30 26 34 


Decomposing and Stable Solutions' 


92° F. 
80° F. 


15 sec. and 
30 sec. 


41 38 44 
45 40 50 


Untreated Checks 


Parasite cocoons dissected 
from host cocoons 


12 10 14 
14 10 18 





1 Four lots of 50 cocoons dipped in decomposing solution for 15 sec. and the freeing completed in stable solution. 





February 1946 Martin & Finney: SEPARATION OF Macrocentrus Cocoons 31 


Soprum HypocuuoritE Toxiciry.— 
Bartlett & Martin (1945) reported that 
the eclosion of neither the parasite nor 
the moth seemed to be affected by 
sodium hypochlorite. Further experiments 
show that stable solutions of sodium 
hypochlorite are not toxic to Macrocentrus 
ancylivorus stages in the cocoons but de- 
composing solutions are partially toxic. 
This is shown by the data in table 1 
where there is a comparison of the mor- 
tality obtained with stable and decom- 
posing solutions and untreated checks. 

While these data, table 1, are for a solu- 
tion of one part of 21 per cent sodium 
hypochlorite diluted with five parts water, 
solutions as strong as one part sodium 
hypochlorite in three parts water can be 
used. However, it is more economical to 
use the former dilution. 

The average mortality with stable solu- 
tions in the insectary was 18 per cent 
with a range of 5 to 25 per cent. This 
average does not differ from the mor- 
tality of untreated cocoons. The disease 
which the Macrocentrus ancylivorus larvae 
contract from the tuber moth larvae is 
the cause for much of the mortality repre- 
sented by this average. 

The decomposition of the sodium hypo- 
chlorite solution began after certain quan- 
tities of organic materials had collected 
in the bath. Two sources of organic debris 
were dead host larvae and the dissolved 
silk of the host cocoons. At times the sand 
itself contained organic material before it 
was put in the cocooning trays. The fourth 
and a major source was the varying 
amounts of potato tuber moth larval-frass 
which became dislodged from the surface 
of — potatoes and fell into the cocooning 
sand. 

One indication of decomposition was 
the increase in the time of disintegration 
of host cocoons. At the same time the 
temperature of the solution rose above the 
original temperature. Sometimes this rise 
was as much as 10° F. or higher. Also, suf- 
ficient quantities of chlorine were released 
from the solution to irritate the eyes and 
throat of the operator. 

The average mortality of the Macro- 
centrus ancylivorus stages in cocoons freed 
in decomposing solutions of sodium hypo- 
chlorite was not only higher than in stable 
solutions, but the range was much wider, 
table 1. This variability may be related 
to the rate of decomposition which in 


turn is correlated with temperature. Mor- 
tality was the highest in the warmest solu- 
tions. An immersion of only 15 seconds 
in a warm decomposing solution was suffi- 
cient time to cause considerable mortality. 

There was a period in the insectary 
when on some days part of the lot of 
cocoons was freed while the solution of 
sodium hypochlorite was stable and the 
rest of the lot was freed as the solution 
progressed in decomposition. On other 
days entire lots were freed in stable solu- 
tions. During this period the mortality 
ranged from 5 to 60 per cent. Evidently 
the low mortality represented lots from 
stable solutions while the higher mor- 
tality represented lots freed in solutions . 
which were stable at first but later became 
more and more decomposed. 

When Macrocentrus ancylivorus cocoons 
were rinsed in water, there were not suffi- 
cient quantities of sodium hypochlorite 
left on the surface of the cocoons to pro- 
duce toxic effects, even when an undiluted 
solution was used (Table 2). 


Table 2.—Toxicity of sodium hypochlorite resi- 
due on the surface of Macrocentrus ancylivorus 
cocoons. 








Numper Per Cent Averace 
Lots Mortauity per Lor 
OF 
100 Rinsed Un- 
Cocoons’ in water rinsed 





TREATMENT 





1 part sodium hypcohlorite 

in 5 parts water 4 15 16 
Undiluted sodium hypo- 

chlorite 4 15 35 
Untreated checks dissected 

from host cocoons 4 = 18 





Toxic effects were obtained only when 
an undiluted solution of sodium hypo- 
chlorite was permitted to dry on the 
cocoons without rinsing, (Table 2). Under 
these conditions the corrosive residue 
etched holes through the walls of the 
cocoons. 

It is good practice to rinse the cocoons 
to prevent a chemical reaction between 
sodium hypochlorite and alcohol. 

The following observations indicate 
that the chlorine in the decomposing 
sodium hypochlorite solution is the toxic 
agent which penetrates the parasite co- 
coons rather than liquids. 

The number of dry parasite cocoons 
where in the stage died greatly exceeded 
the very small numbers of water-logged 
cocoons. The latter seemed to be thin- 
walled and frequently abnormal in color. 
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When Macrocentrus ancylivorus cocoons 
are immersed in a sodium hypochlorite 
solution and rinsed in water, 50 per cent 
or more usually have small bubbles of 
liquid in the outermost layers of the 
cocoon. After immersion in alcohol the 
number of cocoons with droplets de- 
creases. The bubbles may disappear 
within 24 hours, or they may yet be 
present in the walls of the cocoon after 
the adult has emerged. Repeated observa- 
tions indicate that these droplets do not 
usually penetrate inside the cocoon, even 
when the area around them is gently 
stroked with a dissecting needle. The 
mortality for stages in 400 cocoons with 
droplets was no greater than for the same 
number without them. 

Chlorine in the air will penetrate and 
cause a mortality of the stages in the 
cocoons. This was demonstrated by first 
dropping tuber moth larval-frass from 
potatoes into a beaker of sodium hypo- 
chlorite to release chlorine fumes. There 
was a 100 per cent mortality in parasite 
cocoons held } inch above the solution 
for a minute. Cocoons held over stable 
solutions were not affected. 

Aconot Toxicity.—The specific grav- 
ity of ethyl alcohol and water was cor- 
related with the mortality of Macrocentrus 
ancylivorus stages in the cocoons. As table 
3 shows, when the specific gravity was 
.900 to .930 (Baumé), the mortality dif- 
fered but slightly from the untreated 
checks. However, mortality was four 
times greater than the check when the 
specific gravity ranged .840 to .855. 

Table 3.—Correlation of Macrocentrus ancyli- 


vorus mortality with the specific gravity of ethyl 
alcohol and water. 




















SpEciFic NuMBER Per Cent 
GRAVITY OF Lots or 
ALCOHOL AND 100 Aver Mortality range 
Water Cocoons mortality 
(Baumé) Eacu per lot Min. Max. 
.840-—. 855 10 45.6 36 64 
. 900-—. 930 20 13.5 6 20 
Untreated 
checks 12 10.8 7 18 





In the insectary an alcohol and water 
bath with a specific gravity of .920 was 
used to separate the parasite cocoons from 
the host pupae. Separation was more effi- 
cient at this than at .930. 

TIMING SEPARATION OF PARASITE FROM 
Host.—During the early part of the 
pupal period of the tuber moth the newly- 
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formed yellow pupae will readily sink in 
the alcoholic solution. After they become 
black in color and air begins to infiltrate 
around the nearly mature adult, the 
pupae float on the surface of the alcohol. 
This begins to happen before all the para- 
sites have spun cocoons. Because the 
parasites and pupae should be separated 
before the latter floats, varying numbers 
of parasites are lost. 

Data have been collected to determine 
the degree of losses of parasites at the 
time of separation of parasite and host, 
and if there was a relation of the losses to 
some routine practices involved in collec- 
tion and separation. Cocoons of larvae 
which had emerged for intervals of 8 to 48 


hours from one lot of White Rose potatoes 


dug in May, were removed over a period 
of 9 successive days. These had been ex- 
posed to 75 Macrocentrus ancylivorus fe- 
males for a period of 5 days after the 
females were released in each tray of 
potatoes 1 day after the hatching of the 
tuber moth eggs. Records of the total 
number of moth pupae, parasite cocoons, 
and late cocooning parasites per collec- 
tion date were taken when the host 
cocoons were 4 to 8 days old (Table 4). 
The late cocooning parasites included 
both parasitized host larvae and free 
parasite larvae. 

The percentage of parasitism increased 
with each successive collecting date until 
the sixth day (Table 4). Then the parasit- 
ism became more or less stable. There was 
no period when only unparasitized larvae 
emerged from the potatoes. 

The rise and fall of the emergence of 
parasitized and unparasitized moth larvae 
followed very similar trends (Table 4). 
Both reached peaks on the fifth day of 
collection and followed similar emergence 
oscillations independent of temperature 
and light. The lowest numbers emerged 
between 4 P.M. and midnight. 

Thirteen per cent of the total number of 
parasite larvae recorded in table 4 were 
lost when the parasite cocoons were sepa- 
rated from the host pupae. Nearly all the 
parasite larvae would have cocooned by 
the time the host cocoons were 10 days 
old. This loss was representative of those 
encountered in the routine of production 
during the early part of the season. No 
method has been devised to save these 
parasites after they have been separated 
from the host cocoons. 
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Table 4.—Number of hosts and parasites obtained on successive days from one lot of potatoes and 
the per cent of late cocooning larvae and the per cent parasitism. 














Totat NuMBER Per Cent 
AGE OF 
SUCCESSIVE TIME Host Late Late 
Days Host TRay Cocoons cocoon- cocoon- 
Cocoons Was WHEN Tuber ing ing Host 
WERE UNDER EXAMINED moth Parasite para- para- para- 
COLLECTED PoTaTOES (Days) pupae cocoons sites sites sitism 
1-2 48 hrs. 7 and 8 4070! 1960 570 22 39 
3 8 A.M.—4 P.M. 6 1485 1075 340 24 48 
4 P.M.—8 A.M. 7 2050 2500 100 + 56 
+ 8 A.M.—4 P.M. 6 1740 4300 160 3 72 
4 P.M.-12 M. 6 “ 1015 2485 100 + 72 
12 M.-8 A.M. 6 2345 5475 80 1 70 
5 8 A.M.—4 P.M, 5 3427 9740 133 1 74 
4 p.M.-12 M. 5 1150 8820 230 6 78 
12 M.-8 A.M. 5 2280 5870 150 2 72 
6 8 A.M.—4 P.M. 5 1450 7000 1050 17 77 
4 P.M.—8 A.M. 5 1000 5500 2000 27 88 
7 8 A.M.—4 P.M. a 400 3500 1800 34 93 
4 P.M.-8 A.M. 5 670 2650 580 18 83 
8 8 A.M.—4 P.M. 5 260 2360 580 20 92 
9 and 9 40 hours 7 130 443 300 34 85 





1 1-2 per cent emergence of adult tuber moths. 


Late cocooning of the parasites was 
not correlated with an 8-hour or 24-hour 
collecting interval of the host cocoons, 
table 4. The host cocoons were collected 
every 24 hours in the insectary. 

The emergence of the late cocooning 
larvae followed an irregular but similar 
trend to the normal cocooning parasite 
larvae. The abrupt peak appeared a day 
after the peak of the earlier cocooning 
parasites. Part of the larvae collected on 
the seventh day were taken from the host 
cocoons too early. 

One of the causes of late cocooning of 
Macrocentrus ancylivorus is superparasit- 
ism. Evidence of this is shown in table 5 
for data obtained with freshly dug White 
Rose potatoes which were infested in May 
and June 1945. These data show a close 
correlation between the percentage of 
parasitization, the percentage of late 
cocooning parasite larvae, and the num- 
on of parasite larval head capsules per 
10st. 

The head capsule data show some super- 
parasitism at the end of 24 hours, and 
50 per cent or more of the host larvae 
were infested with two to 28 parasites 
by the end of 72 hours. 


Daniel (1932) observed that although 
Macrocentrus ancylivorus is a polyem- 
bryonic parasite only one _ individual 
matures, while the development of the 
associated embryos is stopped by some 
secretion of either the host or the parasite. 
He also observed that in case of two or 
more first instar larvae in the host, only 
one survived because of cannibalism. 

There is evidence that under the influ- 
ence of superparasitism some secretion of 
either the host or parasite may partially 
inhibit the development of the surviving 
parasite larva. The degree to which its 
development is inhibited depends upon 
the degree of superparasitism. 

Many of the more highly parasitized 
host larvae were slightly to extremely 
misshapen because of the loss of muscular 
tonus. This may be related either to a 
secretion associated with superparasitism 
or to the parasite larvae mechanically in- 
juring the nervous system of the host. 

The degree of clearing of the internal 
contents of the host with a saturated solu- 
tion of chloral hydrate and benzene is in- 
dicative of a secretion associated with 
superparasitism. While hosts infested with 
two or three head capsules of Macrocentrus 
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Table 5.—Effect of superparasitism by Macrocentrus ancylivorus on the per cent of parasite lar- 
vae delaying cocooning and upon tuber moth populations. 








Per Cent 


Noumser Parasite Heap CaApsuLes 
1n Eacn Host 





ToTaL 
Host 
LARVAE 
PER 
Tray 


Days 
100 
FEMALES 
IN 
TRAY 


Date oF 
INITIAL 
Parasiti- 
ZATION 


Para- 
sitism 


Ave. 

head 
capsules, 
per host 


Total 

head 

cap- 

0 2-28 sules 


Late 
cocoon- 
ing 


larvae 1 





55 
77 
88 
80 
93 


53 
94 
89 


5000 


May 14 
4480 


Number Hosts 

8z 12 
24 23 
20 28 
19 30 
18 30 


89 
129 
87 


14 66 
14 
26 
31 


54 


3 
20 
15 


213 
136 
150 


401 
590 
740 


59 
17 
10 


-2 CO 2 Cnr ore 
rom — ae ne) 


CO m © wr WOOD 





1400 female parasites in tray. 


ancylivorus usually clear within an hour, 
yet the misshapen hosts with larger num- 
bers of parasite head capsules usually re- 
main cloudy to various degrees. In one 
extreme case a host with 57 head capsules 
did not clear to any degree after several 
days of soaking. The contents of its body 
remained cottony-like in appearance and 
consistency. 

The degree of superparasitism in the 
insectary was similar to the data pre- 
sented in tables 4 and 5. At the time these 
data were collected the adult females of 
Macrocentrus ancylivorus were kept in the 
trays of infested potatoes for 5 days. 
When the parasitization period was re- 
duced to 3 days, the misshapen larvae, 
which were common earlier, disappeared. 
Also the losses in the alcohol and water 
separation bath were reduced to 5 per 
cent. 

More parasites were produced with a 
3-day inoculation period than with a 
5-day period. This is shown in table 5 


where the number of hosts per tray was 
sharply reduced from the fourth to the 
fifth day. Finney et al. (1945) reported 
destruction of tuber moth larvae by 
parasitization. 

When old White Rose potatoes re- 
placed the freshly dug stock in the fall, 
the tuber moth larvae were able to spend 
more time feeding in the pith of the potato 
rather than on the surface. With this 
change in the feeding habits of the host, 
parasitization was reduced considerably 
and the losses of parasites from delayed 
cocooning almost vanished. 

It is necessary to separate parasites 
and hosts after the host cocoons have been 
held 6 to 7 days at 84° F. because the 
prepupal and early pupal stages of the 
parasite are more likely to be injured 
during the handling in the chemical baths 
than the older pupal stage. There was 
less mortality when 75 per cent of the 
stages were pupae than when 35 per cent 
were pupae (Table 6). 


Table 6.—Mortality of stages of Macrocentrus ancylivorus when the cocoons contained low and 
high percentages of pupae. 








LARVAE 


PREPUPAE PuPAE 





Lots oF 


Cocoons dead 


Total 


Per cent 


Per cent 


dead 


Per cent 


dead Total 


Total 





Cocoons passed through separation baths 


34.3 
27.9 


70 
25 


Untreated 


36 22.2 


201 
763 


44.0 
21.0 


314 
280 


check lots 


185 25.1 380 








February 1946 Roark: Feepine CHEMICALS TO PLANTS AND ANIMALS 35 


SumMarRY.—Studies show that with 
proper precautions, there is no mortality 
of the stages of Macrocentrus ancylivorus 
Rowher in the cocoons resulting from the 
process of freeing them from host cocoons 
and separating them from the host pupae. 
Such precautions include elimination of 
mechanical factors by the proper sanding 
of the cocooning trays and the proper use 
of a trap-bottomed vessel for the freeing 
and separation of the parasites from the 
hosts. Toxicity factors are avoided when 
only stable solutions of sodium hypo- 
chlorite are used for freeing and alcohol 


with a specific gravity of .920 (Baumé) is 
used for separation. . 

Since the parasites must be separated 
from the host pupae before the latter 
float, superparasitized host larvae are lost, 
although the parasites would have even- 
tutally emerged from them. Superpara- 
sitism can be reduced by exposing the 
hosts for 3 days. Freeing and separating 
the parasites is cone when the host co- 
coons are 6 to 7 days old. The date of 
freeing is dependent on the time when 75 
per cent of the parasites have pupated.— 
12-27-45. 
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Feeding Chemicals to Plants and Animals for Pest Control 


R. C. Roark, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


There are two methods of applying 
chemicals for the control of injurious in- 
sects that have received very little notice 
but which merit further consideration. 
One of these methods is the internal ad- 
ministration of drugs to animals for the 
control of their external parasites. The 
other is the injection of chemicals into the 
sap stream of plants in order to kill the 
insects feeding on these plants. These 
methods are analogous and constitute a 
procedure of combating external parasites 
by inner therapy. 

INTERNAL MEDICATION OF ANIMALS.— 
Until recently it was believed that no 
chemical administered internally could 
protect animals from external parasites. 
Parman e¢ al. (1928) reported the re- 
sults of comprehensive experiments which 
showed that the external parasites of the 
hen are not adequately controlled by in- 
ternal treatment with chemicals com- 
monly sold for that purpose. The follow- 
ing chemicals were tested: Magnesium 
sulfate (Epsom salt), sodium carbonate, 
naphthalene, calcium thiosulfate, calcium 
sulfate, calcium sulfide, magnesium oxide, 


sodium sulfate, potassium nitrate, ferric 
oxide, ferric sulfate, ferrous sulfate, potas- 
sium tellurate, potassium tellurite, diethyl 
diselenide, sodium nitrate, tartar emetic, 
potassium iodide, sulfur, potassium bitar- 
trate, potassium carbonate, capsicum, 
gentian, ginger, fenugreek, garlic, camphor, 
tobacco (1.08 per cent nicotine), quinine 
sulfate, and nux vomica. 

Parasites infesting these hens included 
body, shaft, and head lice, scaly-leg and 
red mites, ticks, and sticktight fleas. 

Weighed doses of chemicals were ad- 
ministered in small gelatin capsules. All 
the parasites fed freely on the medicated 
hens, and apparently there was no repel- 
lent effect. All species that were tested 
reproduced and developed in a normal 
manner, and in no case was any dele- 
terious effect observed in any generation. 

Additional experiments were made with 
proprietary products containing lime-sul- 
fur solution, elemental sulfur, ferrous 
sulfate, Epsom salt, nux vomica, mustard, 
and red pepper. In these tests the para- 
sites included body, shaft, wing, and large 
hen lice and red mites. 
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Not one of the preparations, when 
given in the food or drinking water, 
showed any indications of value against 
the parasites used. 

It may be pointed out that many of the 
materials used in these tests, such as 
Epsom salt and nux vomica, have been 
shown to have little insecticidal action on 
any species of insect, and that some of 
the other materials which are insecti- 
cides, such as naphthalene and sulfur, are 
effective against a limited range of insects 
and in certain ways only, e.g., naphthalene 
when used as a fumigant and sulfur 
when applied as a ‘contact poison. 

Recent reports of tests with other chem- 
icals as internal remedies for external 
parasites compel us to change our opinion 
as to the ineffectiveness of this method of 
control. Lindquist et al. (1944) reported 
that mortality as high as 100 per cent 
occurred when bedbugs were allowed to 
feed on a rabbit 3 to 5 hours after DDT 
was administered in doses from 228 to 400 
mg. per kilogram of body weight. Be- 
cause of the method of administration 
the mortality can be attributed gnly to 
ingestion by the bug of the insecticide 
present in the blood or tissues of the host. 
Pyrethrum extract gave similar results 
not only with bedbugs but also with 
stableflies. 

Also of interest is the finding by Knip- 
ling (1988) that phenothiazine fed to 
cattle at the rate of about 100 mg. or iess 
per kilogram of body weight prevented 
development of horn fly larvae in the 
manure that was eliminated by such 
animals. Bruce (1939) reported additional 


studies in which it was found that as little 


as 22 mg. of phenothiazine per kilogram 


of body weight rendered the manure un- 


favorable for the development of horn 


fly larvae for approximately 24 hours, 


beginning 12 hours after oral adminis- 


tration. 


These findings open up a field of re- 
search that has scarcely been touched dur- 
ing the past 20 years, and which promises 
to yield results of great value, There are 
innumerable organic compounds _ that 
should be tested by feeding to animals to 
see if they control the external parasites 
of these animals or the insects breeding 
in the manure from them. 

Thousands of synthetics have been 


prepared and tested as toxicants in kero- 
sene housefly sprays and are available 
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for testing in other ways. Now that we 
know that compounds insoluble in water 
(such as DDT, phenothiazine, and the 
pyrethrins) may prove effective when fed 
to animals, our horizon is greatly ex- 
panded. We do not need to consider solu- 
bility in water as an indispensable prop- 
erty that must be possessed by a com- 
pound before it can be used in internal 
medication. 

INJECTIONS OF CHEMICALS INTO PLANTS 
—tThe injection of chemicals into trees 
and growing plants for the control of 
parasitic insects and fungi was first pro- 
posed many years ago, but because of 
failure to get results with the compounds 
tried this procedure fell into disrepute. 
Illustrative of this attitude is the title 
“Good fiction, poor horticulture” that 
Messenger (1920) used in an account of 
tree injection. Entomologists testing the 
claims made for tree injection reported 
negative results. For example, Flint (1915) 
injected potassium cyanide into bore holes 
in locust trees, but he noted no apparent 
control of the locust borers and many 
trees died from the treatment. 

A large number of chemicals have been 
injected into trees. Rumbold (1920) used 
the following in attempts to find a cure 
for the blight of chestnut trees: Copper 
sulfate, copper chloride, zinc carbonate, 
mercuric chloride, potassium chromate, 


potassium dichromate, barium chloride, 
colloidal cuprous hydroxide, colloidal 


metallic silver, potassium carbonate, po- 
tassium hydroxide, potassium sulfate, 
ammonium carbonate, ammonium chlo- 
ride, ammonium hydroxide, ammonium 
sulfate, sodium carbonate, sodium chlo- 
ride, sodium hydroxide, lithium carbonate, 
lithium chloride, lithium sulfate, lithium 
hydroxide, lithium nitrate, methyl alco- 
hol, formalin, acetic acid, formic acid, 
lactic acid, citric acid, aniline sulfate, 
phenol, sodium carbolate, para-nitro- 
phenol, ortho-nitrophenol, picric acid, 
meta-cresol, para-cresol, thymol, pyro- 
catechol, pyrogallic acid, phloroglucinol, 
oil of bitter almonds, benzoic acid, sali- 
eylic acid, bark extracts, water extract of 
chestnut tree bark, water extract of chest- 
nut blight canker, methy] green, methy- 
lene blue, eosin, congo red, and trypan 
blue. These chemicals proved ineffective 
and some of them injured the trees. 


When the objective in tree injection was 
to kill bark beetles or other insects and 
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to preserve the wood but not to maintain 
the tree in a healthy growing condition, 
Craighead & St. George (1938) found 
several chemicals to be effective. Among 
these were zinc chloride, copper sulfate, 
mercuric chloride, zinc meta-arsenite, 
sodium arsenate, sodium arsenite, sodium 
fluoride, ammonium bifluoride, and am- 
monium copper arsenite. Additional chem- 
icals that have been used in treatments 
of trees by injection have been listed by 
Carter (1939) and Wilford (1944). 

There are several possible reasons for 
the failure of a chemical injected into a 
tree to kill insects feeding on the tree. 
The chemical may be precipitated in the 
sap stream and fail to be distributed, it 
may be distributed in an altered, non- 
toxic form, or the dosage applied may 
be too low. More important reasons for 
such failure are that the chemical was 
toxic to the tree, and that it was not toxic 
to the species of insect at which control 
was aimed. 

Mercurie chloride, potassium dichro- 
mate, sodium arsenite, and ammonium 
bifluoride—to name only a few of the 
chemicals tested for tree injection—are 
caustic poisons. They are toxic to both 
animal and plant tissues, and it is not 
surprising that they kill a tree when in- 
jected into it. 

The successful control of insects on 


plants by allowing the plants to take up a 


water-soluble insect poison is described 
by Hurd-Karrer & Poos (1936), who 
found that the apple-grain aphid feeding 
on wheat, rye, oats, and barley is killed 
by the selenium taken up by these plants 
from small amounts of sodium selenate 
added to cultures or soils. Aphids placed 
on 2-month-old wheat plants supplied 
with concentrations of selenium greater 
than 3 ppm, all died within a few days, 
while those on plants given lower concen- 
trations lived for as long as a week, al- 
though without reproducing actively. 
Similar results were observed with the 


red spider. The plants were stunted by 
concentrations of selenium greater than 
3 ppm. It has been suggested that aphids 
and other insects attacking trees might 
be controlled by the injection of soluble 
selenium compounds into the sap stream. 
Because selenium is highly poisonous to 
man and other mammals, this suggestion 
has never been followed up. 

Many chemicals have been injected 
into trees to control species of insects not 
susceptible to that chemical no matter 
how applied. The Japanese beetle, for 
example, is not controlled by the direct 
application of dusts or sprays containing 
nicotine or any of its salts. It would there- 
fore appear useless to attempt to control 
the Japanese beetle by injecting nicotine 
or any of its salts into a plant on which the 
beetle feeds. 

The injection of a material into a plant 
would appear to have a greater chance of 
success if the material were known to be 
toxic to the insect to be controlled. 

Fulton & Mason (1937) reported that 
derris constituents were translocated from 
the outer surfaces of leaves to first, sec- 
ond, and third trifoliate leaves formed 
after the application of derris powder in 
water suspension to the first true leaves 
and stems of bean plants. These trifoliate 
leaves were found to be less palatable to 
Mexican bean beetle larvae than were 
similar leaves from untreated plants. The 
feeding of the larvae was definitely re- 
tarded. It would have been interesting to 


learn whether derris extractives injected 


into the sap stream of a bean plant would 
poison bean beetle larvae feeding on the 


plant. Fulton & Mason’s finding that 


derris constituents, compounds highly in- 


soluble in water, can be translocated in a 


bean plant suggests that other insoluble 


compounds can be translocated in plants, 


No longer does it seem necessary for the 


experimenter desiring to test chemicals 


for tree injection to limit his tests to those 


readily soluble in water, 
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Benzene hexachloride dusts were tested 


against seven of the more important cot- 
ton insects at Waco, Texas, during 1945. 


Most of these tests consisted of laboratory 


and cage experiments designed to estab- 


lish the fact of toxicity and to determine 


the effective dosage against various in- 
sects, 

The procedure previously described, 
of placing a dusting chamber over plants 
to be dusted (Ivy 1944), was used in con- 
ducting the laboratory and cage tests, 
except that in the cage tests air from a 
tank of compressed air at 60 to 80 pounds 
pressure was used as a dust propellant 
instead of air from an automobile-tire 
pump. 

The benzene hexachloride dust used in 
these tests was prepared by the Division 


of Insecticide Investigations, Bureau of 


Entomology and Plant Quarantine, by 


milling British benzene hexachloride con- 


taining approximately 35 per cent of the 


gamma isomer with sufficient talc to give 


a final gamma-isomer content of 10 per 


cent. The concentrations below 10 per 


cent were prepared at the Waco labora- 
tory by diluting the 10 per cent dust with 


pyrophyllite. The concentrations given 


for benzene hexachloride refer to the 


gamma-isomer content of the dust. 


Dosage-control curves for five of the 


insects tested are given in figure 1. The 
procedure of Bliss (1935) was used in 


computing the curves. 
The various tests are discussed briefly 


under the insects used, and the results 
are shown in tables 1 to 3. Comparable 


tests of standard insecticides and un- 


1In cooperation with the Texas Agricultural Experiment 
Station. 


Benzene Hexachloride to Control Cotton Insects 


E. E. Ivy and K. P. Ewine, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine* 





treated check cages were run concur- 
rently with these tests. With the impor- 
tant exception of the bollworm, the results 
with benzene hexachloride were equal or 
superior to those obtained with the best- 
known insecticides, such as calcium ar- 
senate, sulfur, DDT, and nicotine. § 

Bott WEEVIL, Anthonomus grandis 
Bou.—Benzene hexachloride was more 
effective and gave a much quicker kill 
of boll weevils than did calcium arsenate 
treatments. 

In a field-plot experiment August- 
planted cotton was dusted on October 17. 
T'wo dusted plots and an undusted check 
plot were each 12 rows wide and 0.025 
acre in size. T'wo days after one plot had 
been dusted at the rate of 11.6 pounds per 
acre with benzene hexachloride contain- 


ing 10 per cent of the gamma isomer, the 


adult weevil population was found to be 
reduced 59 per cent. No reduction had 


occurred in an adjoining plot treated at 
the rate of 17.2 pounds per acre with a 


calcium arsenate dust containing 2 per 


cent of nicotine. 


Corton Learworm, Alabama argil- 


lacea (Hsn.).—\Ten-per cent benzene hex- 
achloride was very effective against third- 
instar larvae. It gave a much quicker kill 
than calcium arsenate. At concentrations 
lower than 10 per cent, however, its ef- 
fectiveness was materially reduced. 

Botiworm, Heliothis armigera (HBN.). 
—A 10-per cent dust was not very effec- 
tive against third-instar bollworm larvae. 
Even at the rate of 32 pounds per acre 
the control was less than that obtained 
from 5 per cent DDT-pyrophyllite or 
calcium arsenate each at 16 pounds per 
acre. 
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Table 1.—Mortality of several cotton insects following dust applications of various dosages of ben- 
zene hexachloride in comparison with other insecticides. 





A. 





CoNncEN- 
TRATION 


or Active 
INGREDIENT 


DosaGE MortTALITY 


OF 
Dust 





Insects 


Trestep After 1 Day After 3 Days After 5 Days 


TREATMENT 





Pounds 


per Acre Per cent 


Per cent Number Per cent Per cent 
Boli weevil adults 

32 474 34 86 95 

16 458 25 73 88 
8 473 20 64 79 


Calcium arsenate 8 455 6 $5 70 


Cotton leafworm third-instar larvae 


92 83 100 


94 100 
176 56 98 
73 

44 

35 


96 


Benzene hexachloride 10 


Benzene hexachloride 10 


Caleium arsenate 


Benzene hexachloride 3 
16 
8 


DDT-pyrophylite 16 


Calcium arsenate 


Bollworm third-instar larvae 
2 36 


35 
31 


36 


Tarnished plant bug adults 


Benzene hexachloride 16 
16 


16 
16 
16 


DDT-sulfur 16 


10 


10 
13 69 


14 71 
13 62 


9 100 


Tarnished plant bug nymphs 


Benzene hexachloride 16 


Benzene hexachloride 
16 


8 
DDT-pyrophyllite 10 16 


ll 45 
13 


23 


Southern green stinkbug adults 
32 25 48 


22 %3 


82 16 
27 7 


Southern green stinkbug second-instar nymphs 


Benzene hexachloride 10 


16 
8 
DDT-pyrophyllite 10 16 


29 98 
26 19 
30 17 


Southern green stinkbug fifth-instar nymphs 


Benzene hexachloride 10 $2 


8 
DDT-pyrophyllite 16 


a 9 


12 


24 4 
23 0 





' Concentration of DDT. 


Tarnisuep Prant Bua, Lygus obline- 
atus (Say).—The control of this insect 
was excellent. Concentrations as low as 
1.25 per cent gave 100 per cent control 


of both adults and nymphs. 
SouTHERN GREEN Stinkpue, Nezara 


viridula (L.).—Ten-per cent benzene hex- 
achloride was approximately as effective 
as 10-per cent DDT-pyrophyllite. Both 
materials gave good control of second- 
instar nymphs, fair control of adults, and 
poor control of fifth-instar nymphs. 
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Table 2.—Mortality of cotton flea hopper 
adults following dust applications of benzene 
hexachloride and DDT. (All dosages 16 pounds 
per acre.) 
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ConcEN- Morta.ity 
TRATION FLEA 24 Hours 
or Active Hoppers AFTER 
TREATMENT Increpient Testep TREATMENT 
Per cent Number Per cent 
Series 1 

Benzene hexachloride 10 31 100 

DDT-pyrophyllite 5 28 61 
Series 2 

Benzene hexachloride 10 45 100 
5 48 100 
2.5 +t 100 
1.25 48 100 

DDT-sulfur 4.61 52 100 
Series 3 

Benzene hexachloride 5 52 100 
2.5 61 98 
1.25 49 93 
0.62 40 92 
0.31 45 83 

DDT-sulfur 4.6) 44 95 
Series 4 

Benzene hexachloride 1 48 86 
0.3 43 58 
0.1 36 30 
0.03 38 18 
0.01 41 18 

Pyrophyllite — 44 0 
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very effective against the cotton flea hop- 
per. At lower concentrations it was some- 
what less effective. The data on four series 
of cage tests conducted against this insect 
are given in table 2. 

Corton Apuip, Aphis gossypii GLov.— 
Details of laboratory and field tests 
against the cotton aphid are given in 
table 3. Samples of 8 leaves were used in 
each treatment in series 1, eight leaves on 
each of three plants in each treatment in 
series 2, and 32 leaves scattered at ran- 
dom over each plot in series 3. In labora- 
tory tests (series 1), 10 per cent benzene 
hexachloride was found to give better 
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1 Concentration of DDT. 


Cotton Fie Hopper, Psallus seriatus 
(Revut.).—In concentrations as low as 
0.31 per cent benzene hexachloride was 


4 











0.08 


i 
on 


rn 
of 


ue 


POUNDS GAMMA ISOMER OF BENZENE WEXACHLORIDE PER ACRE 


Fic. 1.—Response of several cotton insects to vary- 
ing doses of the gamma isomer of benzene hexa- 
chloride. 





Table 3.—Control of cotton aphids following dust applications of various dosages of benzene hexa- 


chloride in comparison with nicotine. 














CoNCEN- APHIDS 
TRATION Dos- PER LEAF RepvuctTion At INTERVALS 
OF AGE BEFORE FoLLOwING TREATMENT 
ACTIVE OF TREAT- 
TREATMENT INGREDIENT Dust MENT 1 Hour 1Day 2Days 83Days 5 Days 
> 
Per cent Pounds Number Percent Per cenit Percent Per cent Per cent 
per Acre 
Series 1. Aphid-infested leaves treated in laboratory 
Benzene hexachloride 1 40 67 ~- 89 -- — — 
30 90 — 82 — — -- 
20 92 — 85 — - — 
10 63 - 79 — — —- 
Nicotine-calcium arsenate gi 10 73 - 71 —~ a — 
Untreated check = aon 73 - 2 = — — 


Series 2. Aphid-infested field-growing plants treated in dusting chamber 


Benzene hexachloride 10 10 89 77 94 94 95 95 
5 10 67 61 88 93 93 95 
2.5 10 69 49 66 73 71 74 
1.25 10 71 $2 58 63 74 80 
Nicotine-calcium arsenate gi 10 62 72 84 75 66 64 
Untreated check a ~- 78 1 1 0 —1 —2 
Series 3. Aphid-infested field-growing plants treated with hand dust gun 
Benzene hexachloride 10 11.6 44 —- 65 67 — 77 
Nicotine-calcium arsenate Ql 17.2 48 —- 23 21 -— 8 
Untreated check. -- = 45 -— 5 0 —~ —12 





1 Concentration of nicotine. 








‘February 1946 


aphid control than calcium arsenate dust 
containing 2 per cent of nicotine. In 
field cage tests (series 2) 5 and 10 per 
cent benzene hexachloride dusts gave bet- 
ter control 1 day after treatment than the 
nicotine-calecium arsenate dust, but 2.5 
and 1.25 per cent benzene hexachloride 
dusts were less effective. By the fifth 
day after treatment, however, the control 
from all concentrations of benzene hexa- 
chloride was better than from the nico- 
tine-calcium arsenate treatment. Nico- 
tine apparently loses its effectiveness 
within a few hours after application and 
surviving aphids continue to reproduce, 
whereas benzene hexachloride continues 
to kill for a period of several days after 
application. 

In series 3 are given aphid records ob- 
tained in the field-plot experiment de- 
scribed under the section on boll weevil, 
above. In this experiment the continued 
downward trend of mortality in the ben- 
zene hexachloride plot as compared to the 
upward trend of aphid populations after 
5 days in the plot treated with nicotine 
and calcium arsenate was very striking. 
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Puytotoxiciry.—In only two cage 
tests was injury to cotton plants notice- 
able. In those instances injury to tender 
terminal leaves was noted following heavy 
spotted applications resulting from im- 
proper distribution of 10 per cent benzene 
hexachloride No injury was noted at 
concentrations below 10 per cent or at 
rates of application lower than 16 pounds 
of the dust per acre. 

SumMary.—lIn laboratory and cage 
tests at Waco, Texas, benzene hexachloride 
dust was found to give excellent control 
of several of the more important cotton 
insects. Control of the boll weevil and 
the cotton leafworm was better than with 
calcium arsenate. Control of the cotton 
flea hopper, the tarnished plant bug, and 
the southern green stinkbug was equal to 
or better than control obtained with 
DDT. Better control of the cotton aphid, 
Aphis gossypii Glov., was obtained than 
with nicotine dusts. Poor control was 
obtained with the bollworm. DDT and 
heavy dosages of calcium arsenate dusts 
each gave better bollworm control than 
benzene hexachloride.—1-14-46. 
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DDT to Control Bugs That Cause Deformed Peaches 


Outver I. Snarp, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine! 


The occurrence of deformed peaches in 
South Carolina orchards has presented a 
problem in that State for a number of 
years, especially in Spartanburg County. 
Visits to orchards near Spartanburg in 
July 1942 and June 1943 revealed that in 
some orchards as many as 20 per cent of 
the peaches were being culled out on ac- 
count of their distorted and scarred con- 
dition. One orchardist at Inman estimated 
that 40 per cent of his peaches had to be 
graded out as culls in 1941 for this reason. 
In most cases the injury was typical of 
that reported to be caused by sucking 
bugs. The injury had been begun earlier 
in the season, and a search in the 
orchards at the time of the visits failed 

1In cooperation with the South Carolina Peach Growers’ 
Association and the Clemson Agricultural Colle 


2 Determined by R. I. Sailer, of the Bureau of Eoadcectiidy and 
Plant Quarantine. 


to reveal the presence of insects of the 
type believed to be involved. 

TaARNISHED PLant Bues.—On March 
22 and 23, 1944, during the blooming 
period, jarring of peach trees in a Spar- 
tanburg County orchard in which serious 
distortion of peaches had occurred in 
previous years revealed the presence of 
the tarnished plant bug, Lygus oblineatus 
(Say),? on every tree that was jarred. 
As many as 7 tarnished plant bugs were 
taken from a single tree at one jarring, 
and the average number caught per tree 
for the two days was also 7. During the 
same period an average of 2 to 3.3 tar- 
nished plant bugs per tree were jarred 
from trees in other orchards in this 
county in which deformed peaches had 
been common in previous years. On the 
other hand, jarring on March 23 failed 
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to show the presence of tarnished plant 
bugs in an orchard that had produced 
very few, if any, deformed peaches in 
previous years. In 1944 six peach trees 
in an orchard at Inman were jarred regu- 
larly from the blooming season until the 
stone of the fruit had hardened, to de- 
termine how long the tarnished plant bug 
remains on peach trees and what other 
bugs may be present. Table 1 gives the 
results of these jarrings. 


Table 1.—Occurrence of bugs on peach trees 
at Inman, S. C., during the season of 1944, as 
indicated by jarring. 








TarR- 


NISHED Fruit DEVELOPMENT 





Date Puant PeEnta- AT 
1944 Bucs Tomips ‘Time OF JARRING 
Number Number 
Mar. 22 20 4 Just past full bloom 
23 22 1 
25 39 0 
30 23 2 
April 3 18 0 
6 1 0 Petals 90% off 
10 0 0 All petals off April 9 
13 5 0 1% of shucks off 
17 2 0 60% of shucks off 
19 0 0 80% of shucks off 
25 3 1 Peaches 0.5 to 0.75 
28 0 0 inch diameter 
May 2 0 0 
5 0 0 
9 0 0 
15 0 0 
Total 128 8 
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The results were taken during the harvest 
period from July 27 to August 3, and are 
given in table 2. 

The results of this preliminary experi- 
ment indicated that DDT shows consider- 
able promise for the control of sucking 
bugs that cause deformed peaches, and 
that jarring cannot be depended on to 
control these insects. 

OrcHarRD ExPEeRIMENTS with DDT.— 
Large-scale orchard experiments with 
DDT were conducted during 1945 in a 
22-year-old Elberta peach orchard at Con- 
verse, which has had more or less plant- 
bug injury every year since the trees be- 
gan to bear. In fact, this orchard was re- 
ported to have produced more plant-bug- 
injured peaches than any other orchard 
in that locality. When the 1945 tests were 
started, in March, tarnished plant bugs 
were recovered from every tree that was 
jarred in this orchard. 

The orchard was divided into five 
blocks, of which two were dusted with 
DDT, two were sprayed with DDT, and 
one was left untreated as a check. The 
technical DDT available for use in the 


Table 2.—Results of DDT-dust and jarring 
tests for the control of sucking bugs attacking 
peaches at Inman, S. C., season of 1944. 








Harvestep Fruit 





Peaches Peaches 








These jarring records show that the 
tarnished plant bug is present in largest 
numbers on ch trees from the time 
of full bloom until petal fall. The fact 
that comparatively few pentatomids were 
caught indicates that they are not in- 
volved in the deformed-peach problem in 
South Carolina. 

Observations in cages showed that 
newly set peaches were ruined within 7 
days by the feeding of plant bugs. 

PRELIMINARY CONTROL EXPERIMENT. 
—A cage test in the spring of 1944 indi- 
cated that DDT at the rate of 1 pound 
to 100 gallons of spray was effective 
against the tarnished plant bug. Accord- 
ingly DDT, applied as a dust, was com- 
pared with jarring as a control of sucking 
bugs that attack peaches in a preliminary 
orchard experiment at Inman during the 
season of 1944. Two dusts were used, 5 per 
cent of DDT in pyrophyllite and kaolin 
and 10 per cent of DDT in pyrophyllite. 


TREATMENT Trees Examined Damaged 
Number Number Per Cent 
DDT dusts: 
5 per cent on March 28 and 1 1062 3.5 
10 per cent on April 19 and 
May 5 
5 per cent on March 28 and 1 1577 5.2 
10 per cent on April 19 
5 per cent on March 23 1 1729 5.9 
Jarred 16 times during period 6 9055 10.3 


March 22 to May 15 


Check (neither treated nor jarred) 6 10378 14.6 





sprays was difficult to wet. Considerable 
kneading in water to which sodium lauryl 
sulfate had been added was necessary to 
get it into suspension. Each block con- 
tained from 201 to 285 trees. As jarrings 
the previous season had shown the pres- 
ence of tarnished plant bugs in large num- 
bers at the time of full bloom, the DDT 
for these tests was applied March 13 and 
15, when the trees were in full bloom. The 
dusts were used at the rate of about 0.2 
pound per tree and the sprays at 6 quarts 
per tree. 
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The results of the tests were taken at 
harvest-time, July 18 to 25, when the fruit 
from 50 record trees, 10 selected at ran- 
dom in each plot, was carefully examined 
to determine the damage caused by suck- 
ing bugs. A summary of the results is 
given in table 3. 


Table 3.—Results of orchard tests with DDT 
dusts and sprays for the control of sucking bugs 
po peaches at Converse, S. C., during 
1945. 








Harvestep Fruit 








Peaches Peaches 
TREATMENT Examined Damaged 
Number Per Cent 
Dusts: 
5 per cent 7571 7.8 
10 per cent 8331 10.7 
Sprays (quantities per 100 
al.): 
DDT 1 lb., sodium lauryl 
sulfate 1 oz. 4345 11.8 
DDT 2 lb., sodium lauryl! 
sulfate 2 oz. 4944 11.0 
Check (untreated) 4228 42.4 





The results from the single application 
of DDT at full bloom in 1945 are encour- 
aging and considered very good. Dusts 
containing 5 or 10 per cent of DDT and 
sprays containing 1 or 2 pounds of tech- 
nical DDT per 100 gallons of spray were 
about equally effective. 

Although insects do not play an impor- 
tant part in the pollination of the peach, 
it is recognized that the application of 
DDT during the blooming season may 
cause some injury to bees and other pol- 
linating insects. Applications of DDT just 
before the trees come into bloom are 
planned for future tests in an effort to 
avoid injury to pollinating insects. 

Part of the block of trees that received 
the 5 per cent DDT dust was thinned con- 
siderably during the stone-hardening pe- 
riod. No thinning was done in the remain- 
der of this block. Counts at harvest-time 
on five trees that had been thinned 
showed 8.4 per cent of the fruit deformed, 
whereas fruit on the trees that had not 
been thinned was 8.8 per cent injured. 
Evidently, the number of injured peaches 
removed in thinning was in proportion to 
the number present. 
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SumMMARY.—Deformed peaches caused 
by sucking bugs are responsible for a large 
percentage of the cull peaches in many 
South Carolina orchards, especially in 
Spartanburg County. The tarnished plant 
bug, Lygus oblineatus (Say), was found on 
peach trees in Spartanburg County or- 





Fic. 1.—Plant-bug-damaged peaches from orchard 
at Converse, S. C., used for DDT experiments in 
1945. 


chards from full bloom until petal fall, 
and available evidence indicates that it is 
largely responsible for the deforming of 
peaches in that country. Other bugs were 
present in very small numbers only. Pre- 
liminary tests indicated that jarring can- 
not be depended on to control these in- 
sects, but that DDT might give control. 
In subsequent large-orchard tests, a single 
application of DDT at full bloom reduced 
plant-bug-injured peaches at harvest from 
42.4 per cent to as few as 7.8 per cent. The 
results of the tests showed little difference 
in plant-bug control from 5 to 10 per cent 
DDT dusts used at the rate of about 0.2 
pound per tree, or DDT sprays at 
strengths of 1 or 2 pounds of the technical 
material per 100 gallons of spray used at 
the rate of about 1.5 gallons per tree. 
There was no difference in the degree of 
control of sucking bugs from 5 per cent 
DDT dust whether the fruit had been 
thinned or not.—12-6-45, 











DDT and Its Effect on Fish and Wildlife 


CLARENCE Cottam, Division of Wildlife Research 
and 


Ex.mer Hicers, Division of Fishery Biology, United States Department of the Interior 
Fish and Wildlife Service 


From the beginning of its wartime use 
the potency of DDT has been the cause of 
both enthusiasm and grave concern. Some 
have come to consider it a cure-all for 
pest insects; others are alarmed because 
of its potential harm. The experienced 
control worker realizes that DDT, like 
every other effective insecticide or rodent- 
icide, is really a two-edged sword: the more 
potent the poison, the more damage it 
may be capable of doing. Most organic and 
mineral poisons are specific to a degree; 
they do not strike the innumerable animal 
and plant species with equal effective- 
ness; if these poisons did, the advantage 
of control of undesirable species would be 
more than offset by the detriment to de- 
sirable and beneficial forms. DDT is no 
exception to this rule. Certainly, such an 
effective poison will destroy some bene- 
ficial insects, fish, and wildlife. 

Many exploratory investigations were 
made in 1943 and 1944 by workers in the 
Bureau of Entomology and Plant Quar- 
antine of the U. S. Department of Agri- 
culture,' the U. S. Public Health Service,? 
the U.S. Food and Drug Administration,’ 
the Department of Agriculture of Canada 
and the Royal Ontario Museum of Zo- 
ology,’ the Illinois Natural History Sur- 
vey,’ and the University of Missouri.® 
Members of each of these organizations 
have helped in laying plans for the current 
year’s work. During the same period many 


1 Results of numerous studies on the effects of DDT on insects 
harmful to man and domestic animals, field crop and forest tree 
pests, and honeybees were published in the JourNaL or Eco- 
nomic Enromo.ocy for February 1944 (Vol. 37, No. 1, Pp. 
125-59); results of studies on the effects of DDT on livestock, 
English sparrows and pigeons and on aquatic vertebrates, in- 
sects, spiders, snails and crayfish were published in the same 
journal in August 1945 (Vol. 38, No. 4, pp. 428 and 492, re- 
spectively). : tes k 

2 Results of several studies on the toxicity of DDT to domestic 
animals and its use in mosquito control were published in several 
numbers of Public Health Reports in 1944 and 1945 (Vois. 59 
and 60, and supplements). rai 

* Results of studies on the toxicity of DDT to laboratory 
animals were published in Chemical and Engineering News for 
September 10, 1944 (Vol. 22, p. 1503) and in The Journal of 
Pharmacology and Experimental Therapeutics for October 
1944 (Vol. 82, No. 2, p. 152 and p. 159). : 

4 Studies, respectively, on the effects of DDT on insects and 
on wildlife have been reported upon but not published. : 

5 studies on the effects of DDT on fishes and other aquatic 
animals have been reported 5 but not published. 

6 A study of the toxicity of DDT to goldfish and frogs was 


published in Science for November 24, 1944 (Vol. 100, p. 477). 





popular summaries of the efficiency of 
DDT have appeared in magazines and 
newspapers, and a number of articles on 
its production and use have been pre- 
sented in trade journals. 

The need for more detailed information 
about the effects of DDT led in 1945 to 
concurrent studies to determine the ef- 
fects of this poison upon insects, birds, 
mammals, fishes, and other wildlife. On 
areas treated with DDT, members of the 
Bureau of Entomology and Plant Quar- 
antine (U.S. Department of Agriculture) 
studied the effects upon insect popula- 
tions, while representatives of the Fish 
and Wildlife Service (U.S. Department of 
the Interior), with the assistance of the 
U. 5. Forest Service, the National Audu- 
bon Society, and other organizations, ob- 
served the effects upon birds, mammals, 
fishes, and other forms of wildlife. These 
investigations were conducted in both 
field and laboratory, and were concerned 
primarily with forest insects and forest 
wildlife. 

Most of the poison was sprayed by air- 
plane at rates ranging between 0.2 and 5 
pounds of DDT (in an oil solution) per 
acre. (Most insect pests can be controlled 
with DDT oil sprays of concentrations 
ranging from 0.1 to 1 pound per acre.) A 
single application was the basis for most 
of these studies. (Repeated applications 
might have shown more damaging re- 
sults.) Weather conditions caused con- 
siderable variation in the amounts of 
DDT that actually reached the vegeta- 
tion; light winds or updrafts sometimes 
prevented the deposition of small spray 
particles. In addition, rough topography 
or paucity of landmarks apparently 
caused small portions of some areas to 
be missed or to be covered twice. The 
measurement of DDT deposition on glass 
plates, filter paper discs, or on yellow 
sheets of paper placed on the ground 
at frequent intervals, constituted the 
common means by which the actual 
amount and uniformity of distribution 
were measured; but such records were 
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made on only a very small fraction of 
the total area sprayed. 

The principal field investigations were 
made in Maryland and Pennsylvania 
where the studies included insects, mam- 
mals, birds, amphibians, and fishes. At the 
Fish and Wildlife Service’s Patuxent Re- 
search Refuge, Bowie, Maryland, labora- 
tory studies were made to determine the 
toxicity of DDT to mammals, birds and 
amphibians, and at their Fishery Station 
at Leetown, West Virginia, to determine 
its toxicity to fishes. 

At the Patuxent Research Refuge, 
habitat and population studies in preced- 
ing years had laid a sound base for the 
evaluation of changes in 1945. In Pennsyl- 
vania, before the application of DDT, 
there was time to become familiar with 
the environment and to determine the 
current year’s nesting population of 
birds. Elsewhere the essential preliminary 
studies were brief or lacking. 

This year’s work indicates that much 
remains to be done before the long-time 
effects of DDT on wildlife can be properly 
evaluated. The U.S. Public Health Serv- 
ice and the Fish and Wildlife Service have 
initiated a program to fill in this gap. In 
the southeastern coastal plain these two 
agencies are investigating the effect (par- 
ticularly on aquatic life) of repeated small 
applications of DDT for the control of the 
larvae of malarial mosquitoes. The New 
Jersey Conservation Department has a 
similar program in relation to the control 
of pest mosquito larvae. Also, experi- 
ments will be undertaken in 1946 to deter- 
mine the effect on wildlife when DDT is 
used for the control of orchard or field crop 
pests, where low to high dosages may be 
used repeatedly. An effort will be made to 
determine more precisely the maximum 
rates of application of DDT that different 
forms of wildlife can tolerate. 

Briefly, wildlife studies have dealt 
largely with the effect of DDT upon the 
birds and mammals of a forest area 
sprayed with that compound, and some 
studies have dealt with the effects of DDT 
upon fish. Further, studies are now under 
way to determine the effects of DDT upon 
marsh and aquatic organisms, especially 
on the relation of malarial control to wild- 
life. Though many more studies are 
needed in all the above-mentioned fields, 
it seems that the most pressing require- 
ment for the future is a study to deter- 
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mine the effects of DDT as applied to agri- 
cultural crops, to determine the effects of 
such control practices and- procedures 
upon the wildlife and game dependent 
upon an agricultural environment. We 
must remember that about 8@ per cent of 
our game—and a very high percentage of 
our nongame and insectivorous birds and 
mammals—are largely dependent upon an 
agricultural environment. The heaviest 
and most widespread application of DDT 
will probably be used in this environment ; 
therefore, it is not improbable that the 
greatest damage to wildlife will result 
here. As has been demonstrated in the 
field of forest-insect control, a well-co- 
ordinated study in the application of 
DDT to agricultural crops will greatly 
minimize this damage. 

Patuxent (Maryland) Researcn Rer- 
u@E.—On June 5, 1945, a 117-acre tract of 
well-drained forest on the Patuxent River 
bottomland was sprayed by airplane with 
an oil solution of DDT applied at the rate 
of 2 pounds per acre. The solution was 
made of 1 pound of DDT to 2 pints of 
xylene and 5.7 pints of No. 2 fuel oil; and 2 
gallons of the solution were applied to 
each acre of land. This was not an at- 
tempt to control any specific insect; 
the experiment was conducted solely to 
determine the effect of DDT on the 
general populations of both insects and 
wildlife. Many insects were killed within 
a few days after the spray was applied; 
the temporary elimination of adult pest 
mosquitoes was outstanding. The effects 
of this application of DDT were not 
prolonged for most species of insects, 
however, as most of these species ap- 
peared to occur in normal numbers 2 or 
3 weeks later. 

Two insect-eating mammals, the short- 
tailed shrew and the deer mouse, were 
censused on a 10-acre sprayed area and 
on a similar 10-acre control area a little 
more than 1 mile from the sprayed tract. 
Fifty live traps were distributed over 
these areas, and the animals were trapped, 
marked, and released from May 2 to May 
7. This procedure, with traps placed in the 
same localities, was repeated on June 14— 
19, after the spraying. 

On the sprayed area 40 deer mice were 
trapped before and 30 after spraying; on 
the control area 27 were trapped before 
and 17 after the date of spraying. The dif- 
ferences on the two areas are not of sta- 
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tistical significance, and the consistent re- 
ductions may be due to seasonal changes 
in behavior. The number of short-tailed 
shrews trapped on the sprayed area fell 
from 23 before spraying to 6 after spray- 
ing; on the check area the number fell 
from 14 before spraying to 8 after spray- 
ing. The larger reduction in numbers in 
the sprayed area is of doubtful statistical 
significance. 

Birds.—A bird census was made during 
May and June on a 31-acre area within the 
117-acre tract of bottomland forest 
sprayed on June 5. Outside the sprayed 
tract but within the same large, continu- 
ous bottomland forest, two other areas 
were censused: a 32-acre area 1.12 miles 
from the sprayed tract, and a 22-acre 
area immediately adjacent to the sprayed 
tract. The 32-acre area was used as a con- 
trol; the %4-acre area was selected to de- 
termine whether the spraying causeda 
marked shift of birds away from the 
sprayed tract. Before the date of spraying 
an intensive search was made for nests in 
the sprayed and in the control areas. Dur- 
ing the study each nest was visited daily 
until the young had left or the nest had 
been deserted or destroyed. i 

The census indicated a similar popula- 
tion density in each of the areas before 
the spraying: 4.1 pairs an acre In the 
sprayed area, and 3.7 pairs to the acre in 
each of the others. The commonest spe- 
cies included: red-eyed vireo, redstart, 
parula warbler, Acadian flycatcher, Ken- 
tucky warbler, scarlet tanager, tufted tit- 
mouse, ruby-throated hummingbird, and 
cardinal. : 

During the first week after the spraying 
the bird population dropped approxi- 
mately 12 per cent in the sprayed area, 5 
per cent in the control area, and 10 per 
cent in the area adjacent to the sprayed 
tract, owing, presumably, to completion 
of nesting or to loss by predation. These 
figures are too nearly alike to indicate 
any effects of DDT. No marked differ- 
ences in the populations occurred during 
several weeks after the spraying, and there 
was no apparently movement away from 
the sprayed area. 

At the time of spraying, nests contain- 
ing eggs or young were under observation : 
23 in the sprayed area and 12 in the con- 
trol. No difference in hatching or survival 
was observed on either sprayed or un- 
sprayed areas. 


Vol. 39, No. 1 


An experiment was conducted to deter- 
mine whether DDT applied at the rate of 
5 pounds an acre to birds’ nests, would 
have any effect upon the hatching of eggs, 
the development of young, or the aban- 
donment of nests. DDT was applied with 
a hand atomizer to an area of 1 square foot 
surrounding and including the nest. Of 34 
nests containing eggs, 17 were sprayed and 
17 were left unsprayed. Of 39 nests con- 
taining young of various ages, 20 were 
sprayed and 19 were left unsprayed. Inso- 
far as possible, pairs of nests of the same 
species were compared. The treatment 
with DDT showed no detrimental effect 
upon the hatching of eggs or upon the de- 
velopment of young; it caused no abaz- 
donment of nests even when they were 
located in such confined quarters as bird 
boxes. 

Amphibians.—Concurrentiy with the 
studies conducted with birds, an investi- 
gation was made to determine the effect 
of DDT on frogs and toads in the same 
wooded bottomland. 

Open-topped cages—stocked with 
adults of green, pickerel, and bull frogs, 


with adult toads, and with frog and toad 
tadpoles—were prepared and placed be- 


fore the DDT was applied. These cages 
were inspected daily for a 9-day period 
after the spraying. None of the animals 
was affected. 

A second study was made in a series of 
20- by 50-foot artificial ponds in which 
adults and tadpoles of several species of 
toads and frogs were living. Two ponds 
were treated with oil only; 2, with an oil 
solution containing DDT at the rate of 
1-pound an acre; and 2, with a 5-pound 
an acre oil solution of DDT. These ap- 
plications of DDT were made early in 
April with a hand-operated compressed- 
air sprayer. One of each pair of ponds was 
shallow; the other, deeper. Several un- 
treated ponds were included in the ob- 
servations. The ponds were sampled with 
dip nets twice before spraying and several 
times thereafter. 

In the deeper of the two ponds treated 
with 1 pound of DDT an acre, no dead or 
sick animals were found; but in the shal- 
low pond (5 inches deep at the center) 
several frogs and large frog-tadpoles and a 
young water snake were killed. These 
deaths and those of several frogs and large 
frog-tadpoles in both ponds treated at the 
rate of 5 pounds an acre, obviously were 
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caused by DDT; some tadpoles and frogs 
remained alive in all the treated ponds. 

Fishes.—The 117-acre tract sprayed 
with an oil solution of DDT at the rate of 
2 pounds an acre on June 5 included 0.9 
of a mile of the Patuxent River, usually a 
muddy stream with a flow of about 130 
cubic feet a second. 

Nine and one-half hours after the 
spraying 95 dead fish were removed from 
a net stretched across the stream at the 
lower end of the sprayed section. Of 20 
species seined or observed in the river, 
those killed in largest numbers were fall- 
fish, common shiner, bluegill sunfish, 
eastern madtom, and silverling minnow. 
Fish drifted into the stop net for 4 days 
after the spraying of the river, but the 
greatest losses occurred within the first 48 
hours. Johnny darters and rosy-sided dace 


were abundant in the seine hauls, but no 


dead were found. 
Bluegill sunfish, yellow perch, and red- 


bellied sunfish were placed in six live- 
boxes in the river: one above, four within, 
and one placed 1.5 miles below the 


sprayed tract. Losses among the bluegills 
within the sprayed tract were heavy; the 


survival in each box was less than a third. 
Losses among the red-bellied sunfish were 
low, and the yellow perch were unaffected. 

It is believed that spray drifting about 
150 feet from the sprayed area to a small 
grayel-pit pond, killed all the golden 
shiners and pumpkin-seed sunfish in it. 
Red-bellied sunfish, yellow perch, and 
about one-third of the bluegills confined 
in a live-box in the same pond, survived. 
Mortality began later and lasted longer 
in the pond than in the river. 

On May 8, each of eight shallow, 20 by 
5@-foot, soft-water ponds at the Patuxent 
Research Refuge was stocked with 30 
large fingerling bluegill sunfish, 15 red- 
bellied sunfish, 14 yellow perch, and 3 
adult white crappies. On May 9 three of 
the ponds were sprayed with 0.1 pound, 
2 ponds with 0.5 pound, and 2 ponds with 
1.0 pound of DDT in oil to the acre. An 
eighth pond was left unsprayed as a con- 
trol. 

The ponds were inspected at frequent 
intervals after the application. The con- 
trol pond, one pond treated with 0.1 
pound an acre, and one pond treated with 
1 pound an acre of DDT, were drained 
for an accurate determination of the mor- 
tality. 
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At the rate of 1 pound to the acre, one 
drained pond had an 80-per cent loss in 
bluegill sunfish, 93-per cent loss in red- 
bellied sunfish, and 78-per cent loss in 
yellow perch. In ponds sprayed with 0.5 
pound an acre there was also serious mor- 
tality. In one drained pond that had been 
sprayed with 0.1 pound to the acre, there 
was a loss of 43 per cent among all species. 

LacKAWANNA County, Pa.—A breed- 
ing-bird census similar to that at the 
Patuxent Refuge was taken on three 40- 
acre areas of forest land near Scranton, 
Pennsylvania, between May } and June 
27, 1945. 

Between May 24 and June 1 the experi- 
mental control of gypsy-moth larvae was 
begun by the application (by airplane) of 
an oil spray of DDT at the rate of 5 
pounds to the acre on a 600-acre tract en- 
closing the first of these three bird- 
censused areas. The gypsy moth and 
other tree-feeding caterpillars were elim- 
inated and many other insects were af- 
fected within a few hours. Some species 
were apparently unaffected. A hive of 
bees placed in the tract before it was 
sprayed came through in good condition. 
Several groups of insects that were re- 
duced by DDT had again attained their 
normal numbers within 3 months. 

Within 48 hours after the DDT was 
applied, five birds showing symptoms of 
DDT poisoning were found; all died. In 
addition, two other sick birds were found 
and 2 nests were abandoned. Species 
killed included red-eyed vireo, black and 
white warbler, ovenbird. redstart, and 
scarlet tanager. Within 48 hours after the 
application of DDT to the final portion of 
the area on June 1, the population of liv- 
ing birds (which had been 1.6 pairs to the 
acre before spraying) was much reduced. 
On June 13 the area contained only 0.5 
birds an acre. The most commonly noted 
species were ovenbird and red-eyed vireo. 

On June 9 an oil spray at the rate of 1 
pound to the acre was applied by airplane 
to a 350-acre tract enclosing the second 
40-acre bird-censused area. A nearly com- 
plete kill of gypsy-moth larvae and a con- 
spicuous reduction in the general insect 
population were effected, but at no time 
were insects scarce. Most groups appar- 
ently recovered within a month. 

The third area remained untreated as a 
control for the second. 

Before spraying, the population of all 
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birds in these areas was 2.7 pairs an acre. 
The commonest species were ovenbird, 
red-eyed vireo, Canada warbler, magnolia 
warbler, northern water-thrush, and red- 
start. After spraying, the population was 
reduced to 2.6 pairs to the acre in the 
sprayed area and 2.4 in the control area, 
owing, presumably, to completion of nest- 
ing or to destruction by predators. 

Fishes.—On August 9 a 3-mile section 
of Ash Creek, near Clifton, Pennsylvania, 
was sprayed by airplane with an oil solu- 
tion of DDT, applied at the rate of 1 
pound an acre as the plane followed the 
course of the stream. Analysis of filter 
papers placed at scattered points showed 
that an average of only 0.25 pound an 
acre of DDT actually reached the stream. 
Measurement of the drift of insects 2 
hours after the DDT was applied, showed 
them passing downstream at the approxi- 
mate rate of 60,000 an hour at the surface 
and 15,000 an hour at the bottom. Nine 
and one-half hours after spraying, the 
rate at the surface had dropped to 30,000, 
that at the bottom to 11,000. At the same 
time the natural drift of insects in Silver 
Creek (the control stream) was 704 an 
hour at the surface and 469 at the bot- 
tom. 

A census taken before spraying indi- 
cated a total brook-trout population of 
2100 in the sprayed section. There were 
also many common suckers, common 
shiners, black-nosed dace, fallfish, and 
golden shiners, particularly in the lower 
mile. 

Weirs were located at four places in the 
stream to intercept dead or dying fish, and 
two live boxes were placed above each 
weir. In one of each pair of live boxes 
were placed 30 brook trout, and in the 
other a miscellaneous assortment of cold- 
water species. Control live boxes were 
placed in nearby Silver Creek, where con- 
ditions were nearly identical with those in 
Ash Creek. 

Poisoned fish began drifting into the 
weirs 12 hours after spraying. Sixty-nine 
per cent of all observed fish losses occurred 
within 34 hours after spraying. 

The warmer-water fishes—common 


shiners, common suckers, and golden 
shiners—were affected first, most of their 
mortality occurring within 2 days after 
spraying. It was estimated that less than 
half of them were killed. 

Brook and brown trout were more 
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slowly affected; their losses, as well as the 
loss of common suckers, lasted for a week. 
Sampling of the native brook-trout popu- 
lation before and after spraying indicated 
that only about 1.3 per cent of the brook- 
trout population (27 fish) were killed. 

In the live boxes stocked with brook 
trout, the greatest loss was four fish, at 
the weir farthest downstream. In live 
boxes stocked with miscellaneous cold- 
water fishes—including sculpins, black- 
nosed dace, creek chubs, pearl minnows, 
top minnows, and common suckers—only 
4 fish were killed out of a total of 203. 

Buiack SturGeon Lake Area, On- 
TARIO.—During May and June 1945, the 
Department of Agriculture of Canada had 
100 square miles of spruce-fir forest 
sprayed with 1 pound of DDT an acre 
to control spruce budworm. Observations 
indicated that 50 to 60 per cent of the 
budworm larvae were killed. 

Bird studies of an intensive type were 
made on four plots of 25 acres each. Three 
of these four plots were sprayed. Popula- 
tions ranged from 2.0 to 3.6 pairs of birds 
to the acre in the sprayed areas, and 4.4 
pairs in the check area. Four birds af- 
fected with DDT jitters were found. It 
was believed, however, that no measurable 
changes had resulted either in the adult 
bird populations or in the several nests 
under observation. 

SAVANNA ORDNANCE Depot, CARROLL 
County, Ituinots.—At 30-day intervals 
between August 5 and October 6, 1945, 
the Sixth Service Command sprayed 4000 
acres (flood-plain area covered with mixed 
old-age hardwoods, a large island, and 
typical open-water area) to control mos- 
quitoes. Applications of DDT (5 per cent 
solution in No. 2 fuel oil) ranged from 0.2 
pound an acre tg 0.5 pound on different 
areas. Observations on populations of 
birds, mammals, reptiles, amphibians, 
fish, and crustacea, were made before and 
after each spraying. 

Mosquitoes were readily controlled with 
this solution of DDT when applied at 0.2 
to 0.5 pound to the acre. 

Bird nesting populations were little af- 
fected: few nests in this Upper Mississippi 
area were occupied after August 1. No 
direct effects on birds were noted, but 
swallows left the area to feed on land 
adjacent to the sprayed area. 

Toothed herring and several species of 
shiners and dace were killed by the ap- 
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plication of 0.5 pound of DDT to the acre 
in agitated waters. 

Most of the crayfish on the area were 
readily killed by 0.5 pound of DDT to the 
acre. 

Raccoons that fed upon the crayfish 
showed no evidence of being affected. 
Other vertebrates apparently were un- 
harmed. 

Istanp Beacu, Ockan County, New 
JERSEY.—To eliminate mosquitoes, the 
southern 5 miles of Island Beach—includ- 
ing the shallow shore waters in Barnegat 
Bay—were sprayed by airplane on July 11 
with an estimated 0.5 pound of DDT to 
the acre. Partial control was achieved. 

On July 8, previous to spraying, large 
numbers of gulls, terns, herons, shorebirds, 
barn swallows, purple martins, redwings, 
and other song birds were observed. No 
direct effects on the birds were noted after 
the spraying, but most swallows and 
other insectivorous species left the area 
and remained away the rest of the sum- 
mer. No sick or dead birds were found. 

Blue crabs, plentiful along the bay 
shore before the spraying, moved out of 
the sprayed shore waters after the spray- 
ing but were abundant in unsprayed areas. 
No dead crabs were found 3 days after 
the spraying. By July 18 reports were 
received of the death of many blue crabs 
that had reappeared in the sprayed area; 
on July 21, 150 dead or dying crabs 
were counted on a 200-yard stretch, 
though crabs in adjacent unsprayed 
waters were healthy. On the latter date 
many active fiddler crabs and ground- 
inhabiting insects were in evidence and 
no dead birds were observed. 

Along 5 miles of the shore on Barnegat 
Bay there were anestimated 100,000 small 
dead fishes (menhaden, mullet, and killi- 
fish) upon which terns and gulls were 
busily feeding. 

OrnerR Fietp Osservations.—DDT 
was used on an experimental basis for in- 
sect control in several other localities, but 
on these the Fish and Wildlife Service per- 
sonnel involved could not make detailed 
wildlife population studies. Careful quali- 
tative observations were made, however, 
and in some of the localities damage by 
DDT was noted. 

In Clatsop County, Oregon, an experi- 
mental spraying for the control of the 
hemlock looper was begun in early June 
and continued for several weeks. About 
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3000 acres were covered, mostly with less 
than 1 pound of DDT an acre. Partial 
control of the looper was effected. A large 
percentage of the crayfish in the Necan- 
icum River (which crossed the tract) were 
killed. These crustacea remained healthy 
in a nearby unsprayed stream. Verte- 
brates apparently were unaffected. 

At Fort Knox, Kentucky, more than 
2500 acres were sprayed in early Septem- 
ber with 0.4 pound of DDT to the acre 
for the control of malarial mosquitoes. 
Most of the mosquitoes and many other 
insects were killed. In one bottomland 
pond that probably received a dosage 
larger than that applied generally, a large 
proportion of the fish were killed: more 
than 100 dead and dying shiners and sun- 
fish were found. Other vertebrates appar- 
ently were unharmed. 

Part of Wallops Island, Virginia, was 
sprayed with an unreported amount of 
DDT in late August. Mosquitoes and 
greenhead flies were temporarily elimi- 
nated. Initial mortality was very high 
among blue and fiddler crabs in ponds and 
small streams and among fishes in the 
ponds, but on the third day no further 
effect was observed. 

At Blowing Rock, North Carolina, a 

217-acre tract comprising homesites, 
fields, and a golf course, was treated in late 
May and June to eradicate the Japanese 
beetle. DDT was applied in a dust at the 
rate of 25 pounds an acre. Beetles were re- 
duced to one-third of their 1944 popula- 
tion. Entomologists and townspeople 
made observations on wildlife, reporting 
30 sick or dead birds and 11 abandoned 
nests on five homesites and 12 sick or dead 
birds and 3 abandoned nests on two prop- 
erties in woods adjacent to the treated 
tract. Typical DDT symptoms were ob- 
served in the affected birds, all of which 
were noted within 3 days after the dust- 
ing. 
At localities in Maryland, Nebraska, 
Colorado, Wisconsin, and Ontario, DDT 
in an oil solution was applied at rates 
reported to range from 0.2 pound to 5 
pounds an acre. Wildlife was affected 
only slightly, even at the highest rate. 
In Utah a field of alfalfa was treated 
with 1.5 pounds of DDT an acre in the 
form of a dust, with no apparent effect 
on birds. 

LasoraTtory Stupres, Mammals.— 
During the spring of 1945 tests of DDT 
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toxicity were made on wild-trapped field 
mice. With a basal diet of corn, wheat, 
and oatmeal finely powdered, DDT was 
intimately combined in the following 
proportions, by weight: 0.40 per cent, 
0.20 per cent, 0.10 per cent, 0.04 per cent, 
0.02 per cent, and 0.01 per cent—one 
diet lacking DDT altogether. The mix- 
tures were fed to groups of five animals 
each for a period of 30 days. Weight 
changes in the animals and amounts of 
food consumed, were recorded in the 
middle and at the end of the feeding period. 

In the control group and in each of 
the groups receiving 0.01 to 0.10 per cent 
of DDT, there was no apparent toxic 
effect. In the group receiving 0.20 per 
cent of DDT in the diet, one mouse 
died soon after the initial exposure, and 
a second mouse died 2 days before the 
termination of the experiment. The pres- 
ence of the drug in the diet apparently 
did not influence the amount of food con- 
sumed. 

In all five of the mice that received 
0.40 per cent of DDT, violent tremors 
were observed at the beginning of the 
third day after the first exposure. Before 
the end of the third day, two of these 
mice had died. Another animal died on 
the seventh day, and the fourth on the 
ninth. The last mouse lived until the 
twenty-first day, although decided trem- 
ors were evident throughout. 

A similar series of tests made on wild- 
trapped white-footed mice showed them 
to be much less susceptible to DDT 
poisoning. 

In the late winter of 1945, 10 field mice 
were placed in each of two cages and pro- 
vided with food, water, and grass shelter 
to last a 30-day period. On the fourth 
day the entire habitat in one cage was 
sprayed by hand with a solution of DDT 
in oil at the rate of 5 pounds to the acre; 
the same oil mixture without DDT was 
sprayed over the entire habitat in the 
other cage. Fresh water was placed in each 
cage after the spraying. Seventeen days 
later DDT-sprayed oats were placed in 
the first cage, oil-sprayed oats in the 
second. At the end of 30 days there had 
been no evidence of toxicity from the 
use of either DDT or the oil alone. 

Four cottontail rabbits were used in 
each of two tests of DDT toxicity, made 
in the spring of 1945. Crystalline DDT in 
the diet at the rate of 0.20 per cent pro- 
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duced tremors in one animal on the elev- 
enth day, followed by complete recovery. 
All four animals fed with DDT at the 
rate of 0.40 per cent showed tremors; 
three of them showed tremors on the 
third day. Two animals died, one on the 
fifteenth day and one on the twentieth. 

In another series of toxicity tests with 
cottontails, crystalline DDT was ad- 
ministered by means of a stomach tube 
in six dose levels ranging from 500 milli- 
grams to 2500 milligrams per kilogram 
of body weight. No symptoms of poison- 
ing were produced at levels below 1500 
millig-ams. One of three rabbits at 
the 1500-milligram level showed marked 
tremors on the second day, followed by 
complete recovery. The others and all at 
the lower dosages remained normal. Two 
of the four animals on the 2000-milligram 
dosage died on the third and thirteenth 
days, respectively. Two of the three 
animals on the 2500-milligram dosage died 
on the seventh and twelfth days. 

Birds.—DDT toxicity in bobwhite 
quail was tested in the spring of 1944 
through the use of series of 10 each of 
5-week-old birds fed a mash diet contain- 
ing DDT at percentages ranging from 
0.40 to 0.005 during a 63-day period. 
Above 0.05 per cent, all the birds died. 
A 50 per cent loss occurred when DDT 
was fed at a level of 0.025 per cent of the 
diet, and there were some losses at the 
lowest level used. Daily food consumption 
for the entire period averaged 12 grams 
to the bird. 

Toxicity was determined in adult bob- 
white quail through the administration 
of single oral doses of DDT, either in 
crystalline form, in gelatin capsules, or 
in a vegetable oil solution. Dosages of 
the crystalline drug ranged from 50 mil- 
ligrams per kilogram of body weight to 
1000 milligrams per kilogram of body 
weight. Six birds were used for each test. 
Dosages of the oil solution ranged from 
40 to 1000 milligrams per kilogram of 
body weight. The birds were starved for 
24 hours and their weights taken for 
computation of the dose; they were then 
dosed and returned to regular feed. 

Dosages of 200 milligrams per kilo- 
gram of body weight were required to 
cause a significant percentage of deaths. 
Mortality increased with larger doses, 
but there were survivals even at 1000 


milligrams. 
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Owing to higher rate of absorption, 
DDT was much more toxic in vegetable 
oil solution than in crystalline form. 
Symptoms characteristic of DDT poison- 
ing in other species—excessive nervous- 
ness, loss of appetite, tremors, muscular 
twitching, and persistent rigidity of the 
leg muscles, the last continuing through 
death—-were observed in many of the 
birds. At the 75-milligram level, five of 
the six birds died; at 60 milligrams per 
kilogram of body weight, the DDT was 
fatal to four of the six birds dosed; at 
50 milligrams only one of six died. Sur- 
vivors in each of these groups returned to 
normal. 

Amphibians.—In mid-March 1945, a 
number of wood-frog egg masses were col- 
lected from bottomland ponds along the 
Patuxent River. The eggs began hatching 
at once, and the tadpoles in groups of 
100 (more than 2000 altogether) were 
placed in aquarium jars. Some of the 
jars were kept as controls and were not 
disturbed in any way; some jars were 
treated with oil only; and some were 
treated with DDT at the rate of 5 pounds 
an acre. The experiment resulted in the 
killing within 3 to 5 days of all tadpoles 
treated with DDT. Those kept as con- 
trols or treated with oil only, remained 
alive and healthy. 

Fishes.—At the Leetown Fishery Sta- 
tion, West Virginia, four connected race- 
ways, each 125 by 8 by 2 feet and sup- 
plied with 109 gallons of hard spring 
water per minute, were stocked in mid- 
August with 100 brook trout, 100 rain- 
bow trout, and 100 bluegill sunfish each. 
These raceways were sprayed with an 
oil solution of DDT at the rate of 1 
pound an acre. The spray was notice- 
able on their surfaces for 4 hours. Brook 
trout and rainbow trout, 5 to 7 inches in 
length, were unaffected; but 4 to 12 per 
cent of the 3.5-inch bluegill sunfish were 
killed. All losses of fish occurred within 
5 days after the DDT was applied. 

An experiment conducted late in Octo- 
ber involved the stocking of each of 12 
small, hard-water ponds with 50 blue- 
gills (averaging about 3.5-inches in length) 
and 50 largemouth bass (averaging about 
5 inches). DDT was applied in three dif- 
ferent forms to three ponds each; three 
ponds were maintained as controls. On 
the nine ponds treated, DDT was applied 
as an oil solution, as an emulsion, and as a 
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suspension—each at the rate of 1 pound 
of DDT to the acre. 

A week after these applications the 
ponds were drained and the surviving 
fish counted. The suspension killed very 
few fish; the solution killed 50 to 60 per 
cent of the bluegills but very few bass; 
the emulsion killed all of both species. 

Another experiment was conducted to 
determine whether fish could be killed by 
feeding on DDT-killed insects with no 
other DDT present. Each of three ponds 
was stocked with 25 adult and 265 finger- 
ling bluegill sunfish. The fish in all three 
ponds were permitted to gorge for 3 days 
on flies, the flies of two ponds having 
been sprayed with a 12-per cent oil solu- 
tion of DDT at the rate of 1 pound an 
acre, whereas the flies supplied to the 
fish in the third pond were untreated. No 
fish died. 

SumMary.—l. Observations on the 
damage to wildlife caused by DDT used 
in insect control were made in 12 states 
and the Province of Ontario. Fair to 
successful insect control was effected. 

2. The principal investigations were 
made on forest lands in Maryland and 
Pennsylvania, where forest tree pests 
were the objects of control. 

3. Application of DDT was made 
chiefly by airplane as an oil spray. Spray 
concentrations ranged from 0.2 pound 
to 5 pounds an acre. The greatest amount 
used anywhere was 25 pounds an acre 
in the form of a dust. 

4. The amount of DDT that actually 
reached the vegetation showed consider- 
able local variation from the specified 
rate of application, owing to bad weather, 
lack of landmarks, defective spray ap- 
paratus, and different density of vegeta- 
tion. 

5. Pronounced mortality in wildlife re- 
sulted from the use of most of the higher 
concentrations of DDT; mortality was 
slight or not apparent in most of the 
lower. Invertebrates and cold-blooded 
vertebrates were more readily affected 
than were birds and mammals. 

6. In the single trial involved, DDT 
was much more toxic in emulsion than 
when applied in oil or as a suspension. 

ReEcoMMENDATIONS.— 1. Don’t Use 
DDT Unless You Must. Undertake its 
use for the control of an insect pest only 
after weighing the value of such control 
against the harm that will be done to 
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beneficial forms of life. Wherever more 
than a small area is involved, consult 
county agricultural agents, State or Fed- 
eral entomologists, wildlife and fishery 
biologists, and U.S. Public Health Service 
officials. 

2. Always Use Minimum Necessary 
Dosage. Use less than 0.5 pound of DDT 
an acre in an oil solution to avoid dam- 
age to fishes, crabs, or crayfish; less than 
2 pounds an acre to avoid damage to 
birds, amphibians, and mammals in forest 
areas. Do not use emulsions. 

3. Apply Carefully. Use DDT only in 
calm, dry weather and only where it is 
needed. Wherever it is applied by air- 
plane, provide careful plane-to-ground 
control to insure even coverage and to 
prevent local overdosage. 

4. Leave a Sanctuary. In forest pest 
control, alternate treated and untreated 
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strips in order to disturb wildlife as little 
as possible. 

5. Time the Application. Making use 
of its residual effect, in the control of 
early appearing insect pests, apply DDT 
just before the emergence of leaves and 
the main spring migration of birds; for 
late-appearing pests, delay applications 
if possible past the nesting period of 
birds (to mid-August). Adjust crop ap- 
plications and mosquito-control applica- 
tions as much as possible to avoid the 
nesting period. 

6. Avoid Spraying Water. Because of 
the sensitivity of fishes and crabs to DDT, 
do not apply directly to streams, lakes, 
and coastal bays. 

7. Watch What Happens. Wherever 
DDT is used, make careful before-and- 
after observation on mammals, birds, 
fishes and other wildlife.—12-6-45. 





DDT Emulsion Applied to Rice-Field Water to 
Control Mosquitoes 


C. B. Wisecurp,! Wiii1aM C. Brotuers,? Pau M. Erpe,' and Curistian C, DEONIER! 


During 1943 and the early spring of 
1944 very promising field results were 
secured by members of the Orlando, Fla., 
laboratory of the Bureau of Entomology 
and Plant Quarantine with the use of 
DDT (1-trichloro-2,2-bis(p-chlorophenyl) 
ethane) as a larvicidal control of several 
species of Anopheles (Deonier et al. 1945) 
and Psorophora (Wisecup et al. 1945) 
mosquitoes. In order to assist the Surgeon 
General’s Office in making recommenda- 
tions on the use of this material in control- 
ling mosquitoes in areas where irrigation 
is practiced, large-scale tests were con- 
ducted in the rice-growing area of east- 
central Arkansas during the period May 
25 to’ September 4, 1944. 

The previous work had shown that 
larvae of both Anopheles and Psorophora 
spp. were readily killed by very light dos- 

1 Entomologists, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine, working under a transfer of 
funds, recommended by the Committee on Medical Research, 
from the Office of Scientific Research and Development. 

2 First lieutenant, Sanitary Corps, United States Army Air 
Forces, Stuttgart Army Air Field, Stuttgart, Ark. Additional 
equipment and untrained personnel were supplied by the Stutt- 

art Army Air Field, Eastern Flying Training Command, 
Jnited States Army Air Forces; by the Corps of Engineers of 
the Eighth Service Command; the Office of the Chief of Engi- 


neers; and the Office of the Surgeon General, United States 
Army. 


ages of DDT, and that a stable aqueous 
emulsion of DDT remained toxic for sev- 
eral weeks in static bodies of water. A ma- 
terial having these desirable character- 
istics presented for the first time a method 
of controlling mosquito larvae in flowing 
water other than by the use of large 
amounts of oil. 

Rice culture as practiced in eastern 
Arkansas provides for an initial flooding 
of the recently sprouted rice early in June, 
followed by a thorough drying of the soil 
to control the rice weevil Lissorhoptrus 
simplex (Say), with a permanent reflood- 
ing in July. Drought, insufficient irriga- 
tion water, or too extensive an acreage of 
rice will often prevent the holding of an 
even depth of water on a field, with the 
result that frequent floodings may occur 
throughout the crop season. All water is 
drained from the mature rice early in Sep- 
tember so that it can be harvested by 
machinery. 

These floodings and dryings of the rice 
fields provide ideal situations for the de- 
velopment of large broods of Psorophora 
mosquitoes of the species P. confinnis (L- 
Arr.), P. discolor (Coq.), and P. ciliata 
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(F.). The periods of flooding may also be 
of sufficient length to permit large num- 
bers of Anopheles quadrimaculatus Say to 
develop. These anophelines present a 
health hazard in the event of an outbreak 
of malaria, and the hordes of Psorophora 
are extremely annoying. 

EXPERIMENTAL Mernops.—It had been 
determined that not more than 1 part of 
DDT to 1 million parts of water would be 
necessary for control of the indicated spe- 
cies of mosquitoes if thorough coverage 
could be secured. For these tests a basic 
concentrate was used which consisted of 
20 per cent of DDT, 20 per cent of Triton 
X-100 (an aralkyl polyether alcohol) as 
the emulsifying agent, and 60 per cent of 
xylene as the solvent. ‘This concentrate 
was diluted with water to form emulsions 
ranging in concentration from 1 to 10 per 
cent of DDT before being applied to the 
flowing irrigation waters. Sixteen treat- 
ments were made on 10 fields. Some fields 
which had received an ineffective low con- 
centration received a later treatment ata 
much higher concentration. 

It was necessary to provide a more sen- 
sitive method of application than the use 
of conventional drip cans, since a constant 
supply of a very small quantity of mate- 
rial was required. Various valves were 
tested, as well as pumps and siphons, but 
all were found to need constant attention 


to prevent stoppage of flow. Primary de- 
pendence was finally placed on drip cans 
equipped with a metering valve (a fuel 
valve from an oil heating stove). In order 
to insure a constant rate of application, a 
24-hour patrol of the treatment area was 
maintained so that the flow oi emulsion 
could be adjusted as needed. 

Water from both deep wells and im- 
pounded lakes is used for the irrigation of 
rice in the Arkansas area. The area in 
which these tests were conducted lay 
within 2 miles of the Stuttgart Army Air 
Field, and contained only diesel or elec- 
trically operated wells. These deep wells 
had capacities ranging from 450 to over 
1000 gallons of water per minute. As a 
rule a single well was used to provide 
water for morg than one field, the water 
for the outlying fields being conducted 
through open ditches for distances up to 
nearly a mile. For convenience of opera- 
tion all applications of the DDT emulsion 
were made at the wells. 

Weekly dipping records were obtained 
from all treated fields. At least 10 dips 
were made in each flooded contour. By 
working diagonally across each field from 
the point of entrance of the water into the 
field, it was possible to determine the 
straight-line distance over which a treat- 
ment was effective. Under the system of 
irrigation practiced in Arkansas the 


Table 1.—Effect of adding DDT emulsions to the irrigation waters of 16 rice fields near Stuttgart, Ark. 








ANTICIPATED 
DOSAGE OF 
DDT per Acre Size or FIeip 


CONCENTRATION 


or DDT 


DISTANCE FROM PoInt OF 
APPLICATION TO OUTLET 


TIME 
ContTROL 
PERSISTED 


AREA 


Into Fre.p! CONTROLLED 





P.p.m. Pounds Acres 

0.035 0.07 30 
.037 -06 110 
.047 04 40 
077 17 70 


175 15 75 
22 2 50 
25 16 11 


385 87 40 
435 6 30 
475 .87 40 


55 97 20 
.59 .98 30 
71 1.25 40 


91 1.85 35 
1.02 1.43 70 
1.19 1.9 40 


Weeks 
0 
0 


Feet Acres 
0 3. 
0 and 1000 3 
2500 0 
0 and 1500 18. 


400 18. 
0 and 1000 34. 
0 ll. 


1500 19 
0 30 
1500 19 


aAoe Se © BI 


2500 20 
0 30 
1500 40 


500 and 1000 35 
0 and 1500 70 
500 and 1500 40 





1 Several fields received water both direct from the well and by a canal to the lower portion. 
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water probably traveled back and forth 
across the field several times before reach- 
ing the lowest contour. 

Resutts.—Larval control obtained 
during the season when various concentra- 
tions of DDT were added to the irrigation 
water is shown in table 1. A treatment was 
considered to have become ineffective 
when any larvae could be found. Some- 
times, however, fairly large numbers of 
recently hatched larvae could be found 
at this time but not until several weeks 
later would the DDT be sufficiently dis- 
sipated to allow the development of pupae 
and adults. 

No reduction in larvae was ever noted 
beyond the first few contours when the 
concentration of DDT was less than 0.1 
p-p.m. In the three tests with a concen- 
tration close to 0.2 p.p.m. initial breeding 
was entirely prevented only in the 11- 
acre field. Since the field was subjected to 
a long period of irrigation, a dosage equal 
to 1.16 pounds of DDT per acre was ap- 
plied. There was no mosquito breeding in 
this field for 6 weeks, despite two reflood- 
ings with untreated water. 

In the tests with concentrations near 
0.4 p.p.m. the only field that showed com- 
plete control was again the smallest field 
(30 acres), which likewise had received its 
treatment direct from the well. It seems 
probable that the failure to obtain com- 
plete control over the entire area of the 
other two fields was due more to the fact 
that the water had traveled nearly a quar- 
ter of a mile in canals than to the differ- 
ence in size of the fields. 

The results in the fields treated with 
concentrations near 0.6 p.p.m. better il- 
lustrate the effects on control exerted by 
the size of the field and its distance from 
the point of application. At this concen- 
tration all fields received an average dos- 
age of approximately 1 pound of DDT per 
acre, which was sufficient to give complete 
initial control. The differences in residual 
control were outstanding. In the 40-acre 
field, which received its water from a 
1500-foot canal, breeding was resumed al- 
most immediately; the 20-acre field, de- 
spite the fact that its water came through a 
2500-foot canal, showed residual toxicity 
for 2 weeks, while the intermediate 30- 
acre field showed complete control for 5 
weeks. The last field received its water 
direct from the well. 


Size of field was even more important in 
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effecting residual control in the fields 
treated at about 1 p.p.m., whereby ap- 
proximately 1.5 pounds of DDT was ap- 
plied per acre. The 70-acre field, with a 
dosage of 1.4 pounds per acre, retained its 
residual toxicity for only 3 weeks, whereas 
the 40- and 35-acre fields were free of 
larvae for 6 and 7 weeks, respectively. 
The last two fields had received somewhat 
larger dosages of DDT, but all the water 
had been conducted through canals. 

Discussion.—From these data it is 
evident that the degree of control in a 
field was affected (a) by the concentration 
of the DDT emulsion in the water, (b) by 
the dosage of DDT applied, (c) by the dis- 
tance that the emulsion was carried in 
canals before it entered the field, and (d) 
by the size of the field. The basic concen- 
trate containing 20 per cent of emulsifier 
tended to break and become dissipated 
when diluted in the deep-well irrigation 
waters. of eastern Arkansas. It is probable 
that the highly mineralized hard water of 
this area tended to react unfavorably with 
the materials which were used for these 
tests. 

Subsequent laboratory tests have dem- 
onstrated that intense aeration of water 
containing DDT emulsions and suspen- 
sions caused a decided loss of toxicity to 
mosquito larvae. This would indicate that 
the natural aeration which occurred in the 
swiftly flowing irrigation water was a 
primary cause of the decrease in toxicity of 
the DDT as the distance from the point of 
application was increased. 

An entirely satisfactory method of ap- 
plying the DDT emulsion was not de- 
veloped during these tests. The very small 
amounts of material which were needed 
required minute outlets that could be 
subjected to fine adjustments; such fine 
openings invariably became clogged by 
crystals of DDT left by the evaporating 
xylene. The emulsion was deleterious to 
metal and plastic surfaces, and quickly 
ruined rubber hoses and gaskets. Conven- 
tional drip cans were unsuited for this 
type of application. Siphon drip cans gave 
a high degree of control, but were too sen- 
sitive to changes in the weather. Motor- 
driven fuel pumps likewise were inaccu- 
rate. Two types of chlorinators were 
found unsuitable, although the principle 
on which one operated might be used for 
this purpose. The metering valve gave the 


most satisfactory performance, but even 
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this apparatus required daily attention 
and adjustment. 

Observations during the growing season 
showed no noticeable damage to the 
stands of rice due to the addition of the 
DDT emulsion to the irrigation waters. 
Counts of the rice grains per head at 
harvesttime indicated no decrease in yield 
of plump grains in treated fields. How- 
ever, repreated applications may in time 
introduce soil residues that are deleterious 
to certain plants. 

SumMARY AND Conc.usions.—Large- 
scale tests of the effectiveness of DDT in 
controlling Anopheles and Psorophora 
mosquito larvae were conducted during 
the period May 25 to September 4, 1944, 
in the rice fields near Stuttgart, Ark. 

A basic concentrate consisting of 20 per 
cent of DDT, 60 per cent of xylene, and 
20 per cent of Triton X-100, diluted with 
water to form emulsions of various 


strengths, was applied to flowing irriga- 
tion waters. Weekly surveys of 16 treat- 
ments involving over 730 acres of rice led 
to the following conclusions: 

(1) The treatment is a feasible method 
of controiling mosquitoes in fields up to 
70 acres in extent when the irrigation flow 
is about 1000 gallons per minute. 

(2) Treatments should be applied at 
about 1 part of DDT per million parts of 
water to insure long-lasting results. 

(3) The material should be applied 
close to the point where the water enters 
the field. 

(4) It is imperative, however, that 
more satisfactory equipment be developed 
for the application of DDT to flowing 
water. 

(5) The emulsions used in these tests 
did not damage the current crop of rice.— 


12-10-45. 
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DDT Residual-Type Sprays as Affected by Light’ 


ArtTHuR ‘W. Linpquist, Howarp A. Jongs, and A. H. Mappgn, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Tests have been undertaken at Orlando, 
Fla., to determine the effect of exposure to 
ultraviolet light and sunlight on the resid- 
ual properties of DDT (1-trichloro-2,2- 
bis(p-chlorophenyl)ethane). Particular at- 
tention has been given to deposits ob- 
tained from mixtures of kerosene and vari- 
ous auxiliary solvents, since it has been 
found necessary, sometimes, to use such 
solvents to prevent crystallization of DDT 
from kerosene at low temperatures. 

Utrraviotet Licur.—In these tests 
treatments were applied to 6- by 6-inch 
unpainted plywood boards, 3.5-inch glass 
petri dishes, and 4.5- by 4.5-inch flat 
glass plates. All the applications were ad- 
justed so that the dosage was 200 mg. of 
DDT per square foot. 


1 This work was done under a transfer of funds, recom- 
mended by the Committee on Medical Research, from 
Office of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine. : 

2 The residual spray issued by the Army contains 5 per cent 
of DDT, 15 per cent of Velsicol AR-50, and 80 per cent of 
kerosene, all by weight. The weight-per-volume basis was 
adopted in these tests for convenience in preparation. The DDT 
ey re for use in aq were furnished by 
G. D. Patterson, of the National Defense Research Committee. 





In these and subsequent tests the DDT 
solutions, emulsions, and suspensions were 
prepared on a weight-per-volume basis. 
For example, when auxiliary solvents were 
used, the solution was prepared by dissol- 
ing 5 gm. of DDT in 15 gm. of auxiliary 
solvent and diluting it with kerosene to a 
final volume of 100 ml.? ‘ 

All treatments were made in duplicate. 
One lot was exposed 5.5 inches below an 
ultraviolet lamp, and the other lot re- 
mained unexposed as a check. The lamp 
utilized for this purpose operated on 110 
volts A.C., and consisted of a 36-inch, 
G.E., 30-watt tube beneath a silvered re- 
flector. It is marketed as a germidical 
lamp, although no data are available rela- 
tive to its spectral distribution. It is be- 
lieved that most of the energy is emitted 
in the range 2500 to 2600 angstrom units, 
which is standard for most lamps of this 
type. The temperature at 55 inches was 
not materially higher than room tempera- 
ture. 

Exposed and unexposed residual de- 
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Table 1.—Effect of exposure to ultraviolet light on the time required for knock-down of houseflies 


in contact with surfaces sprayed with 5 per cent of DDT in various formulations. Treated surfaces 


exposed 132 hours. 








Minutes ReqQuIRED FoR Knock-Down AFrrerR Contact WitH— 





Treated Plywood Boards 


Treated Petri Dishes 





Tested 


Immediately 


After Exposure 


72 Days After 
Exposure 


Tested Tested 


Immediately 72 Days After 


After Exposure Exposure 


Tested 





Unex- Ex- 


Formation posed posed 


Unex- 


posed posed 


Unex- Ex- Unex- FEx- 


posed posed posed — posed 


Ex- 








Kerosene solution 33 55 
Kerosene solutions containing 
15% of auxiliary solvent: 
Isophorone 29 57 
APS-202 (refined high- 
boiling polymethyl- 
naphthalenes) $1 115 
Trichloroethylene . 31 133 
Velsicol AR-50 (chiefly 
mono- and dimethyl- 
naphthalenes) 27 45 
Solution in No. 2 fuel oil 31 51 


Aqueous suspension 29 65 


61 115 33 


88 37 81 
104 33 93 5 37 


101 28 178 


131 28 48 


116 28 159 


240+ 
31 


145 26 
116 





1 Made with a wetting agent mechanically dispersed in water. 


posits were tested against houseflies, 
Musca domestica L., by determining the 
time required to obtain 50 per cent and 
complete knock-down.! This was accom- 
plished by placing 15 to 20 flies in a clean 
petri dish and inverting it over the treated 
surface. In parallel tests treated petri 
dishes were inverted over clean boards. 
Tests were conducted at 803 F. and were 
replicated 2 to 4 times. Preliminary tests 
had indicated that 48 hours’ exposure to 
ultraviolet light materially reduced the 
effectiveness of the treatment. 

Several series of tests were conducted 
with various periods of exposure. Two 
typical series of tests are presented in 
tables 1 and 2. In the first series (table 1) 
the treated surfaces were exposed to the 
lamp 6 days after spraying. A similar test, 
in which exposure to the lamp was made 
immediately after spraying, showed al- 
most identical results. Although frequent 
determinations of knock-down time were 
made both during and after the period of 
exposure, in this and all other series of 
tests, only the end results are given as the 
intervening data are in line with the final 
records in all cases. Exposure to ultraviolet 
light reduced the effectiveness of all treat- 
ments, as shown by the longer time re- 


1In this paper the term “knock-down” is synonymous with 
“kill,” since houseflies thus affected by contact with DDT 
never recover. 


quired for complete knock-down, both for 
the tests made immediately and those 
made 72 days after exposure. On the un- 
exposed boards the knock-down time in- 
creased approximately 2 to 3 times when 
tested after the 72-day period, while the 
glass dishes showed practically no increase 
in knock-down in the same length of 
time. 

In another series of tests (Table 2) the 
treated surfaces were exposed for 88 hours 
and tested 46 days after exposure. The re- 
sults confirm those of table 1, in which the 
exposed treatments were less effective 
than the unexposed. The loss of effective- 
ness of DDT was greatest when high-boil- 
ing solvents (APS-202, benzyl benzoate, 
and motor oil) were used. In the unex- 
posed petri dishes very short knock-down 
times were recorded with some solutions 
in the test made several days after treat- 
ment. These deposits were still liquid at 
the time of testing, and the toxic action 
of DDT is faster under such conditions. 
It has been found that, in general, high 
boiling auxiliary solvents decrease the 
knock-down time for several days after 
treatment if the surface remains unex- 
posed to light. This is particularly true 
on an impervious surface such as glass. 

Glass plates treated with DDT in kero- 
sene solutions, which had been rendered 
comparatively ineffective by several days’ 
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Table 2.—Effect of exposure to ultraviolet light on the time required for knock-down of houseflies 


in contact with surfaces sprayed with kerosene solutions containing 5 per cent of DDT and 15 per cent 
of various auxiliary solvents. Treated surfaces exposed 88 hours. 









sa 











Minutes REequIRED ror Knock-Down AFrTerR Contact Wira— 











Treated Plywood Boards Treated Petri Dishes 


Tested Tested Tested Tested 


Immediately 46 Days After Immediately 46 Days After 
After Exposure Exposure After Exposure Exposure 















































Unex- Ex- Unex- Ex- Unex- Ex- Unex- Ex- 
AUXILIARY SOLVENT posed posed posed posed posed posed posed posed 
No auxiliary solvent 22 36 27 58 29 64 34 75 
Tetralin % 36 98 25 34 38 57 79 
APS-202 32 167 26 142 9! 180+ 26 220+ 
Benzyl benzoate Q7 155 $1 149 7 180+ 40 180+ 
Motor oil (S.A.E. 10) 26 158 29 238 14! 180+ 96 209 







Velsicol AR-50 59 28 59 36 76 129 













1 Treatment still wet at time of test. 








exposure to the lamp were treated with some of the undecomposed DDT which 
acetone. After the acetone had evapo- was below the surface layer when the de- 
rated, the flies exposed to the plates were posit was exposed to light. 

knocked down almost as fast as before the SuNLIGHT.—Two series of tests have 
ultraviolet treatment. The acetone dis- been completed in which treated boards 
solved and thus redistributed the whole and glass plates were exposed to sunlight. 
deposit. This would expose to the surface In these tests, as before, unexposed treat- 


















Table 3.—Effect of exposure to sunlight on the time required for knock-down of houseflies in 
contact with surfaces sprayed with DDT or pyrethrum in various formulations. Treated surfaces 
exposed 90 hours. 














Minutes RequrrED For Knock-Down Arter Contact Witn— 



















































Treated Plywood Boards Treated Glass Plates 
Exposed Exposed 
In Florida In Florida 
Unex- In Unex- In 
FoRMULATION posed Texas NoRain Rain posed Texas No Rain Rain 
DDT, 5%: 
In kerosene 23 21 32 33 26 42 39 51 
Plus tetrahydronaphthalene 15% 
in kerosene 21 42 42 41 35 49 42 89 
Plus APS-202 15% in kerosene 22 107 120 122 36 180+ 61 180+ 
In No, 2 fuel oil 25 57 45 54 45 105 130 105 
Aqueous emulsion made from con- 
centrate containing DDT 25%, 
Triton X-100 (a polyethylene 
glycol alkyl aryl ether) 10%, and 
xylene 65% (diluted 1:4) 31 37 37 66 23 22 23 27 
Aqueous suspension! 18 39 38 64 12 12 16 21 










Pyrethrum (1% pyrethrins): 






In kerosene 85 126 180+ 180+ 180+ 180+ 180+ 180+ 
Plus “piperonyl cyclohexenone” 
(No. 312) 5% in kerosene 85 180+ 180+ 180+ 18 180+ 180+ 180+ 





Plus “piperonyl cyclohexenone”’ 
(No. 312) 5%, Triton X-100 1%, 
acetone 4%, and tale 5%, in 
aqueous suspension 81 180+ 180+ 180+ 12 180+ 180+ 180+ 

















1 Made with a wetting agent mechanically dispersed in water. 
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Table 4.—Effect of exposure to sunlight on the time required for knock-down of houseflies in con- 
tact with surfaces sprayed with 5 per cent of DDT in various formulations. Treated surfaces exposed 


135 hours over an 18-day period. 








Minutes RequirepD ror Knocx-Down AFTER 
Contact Wita— 


Treated Glass Plates 


Borne Port 
or Ranox (°C.) 
oF AUXILIARY 





SOLVENT 


ForRMULATION (APPROX.) 


Treated Plywood Boards 





Unexposed Exposed! Unexposed Exposed 





Kerosene solution 2 


Kerosene solutions containing 15% of 
auxiliary solvents: 
Xylene 185-145 
Cyclohexanone 157 
i-Flash solvent 150-200 
Solvesso No. 3 (aromatic petroleum 
fraction medium boiling range) 173-210 
Tsophorone 215 
Velsicol AR-40 (chiefly mono- 
methylnaphthalene) 220-243 
Heavy solvent 160-270 
Velsicol AR-50 236-269 
PD-544-C (lower fraction of S/V 
Culicide Oil B) 
S/V Culicide Oil B (chiefly methyl 
polymethylnaphthalenes) 
Velsicol NR-70 (chiefly tetra- 
methylnaphthalene) 
APS-202 
Motor oil (S.A.E. 30) 


200-277 


258-357 
288-377 


Solution in No. 2 fuel oil 
Aqueous emulsion*® 
Aqueous suspension‘ 


195—over 350 16 


20 28 17 


19 47 20 
16 24 23 
23 31 24 


19 39 21 
20 23 30 


18 27 35 
18 27 29 
30 34 31 


16 26 25 
180+ 31 
20 180+ 36 
20 180+ 21 
20 53 14 
20 43 26 


28 35 24 33 
24 93 16 16 





1 Average of 4 tests 


2 The boiling range of crude kerosene i is given as 150°-300° C., of refined kerosene as 188°-254°. No. 2 fuel oil boils approximately 


90% within the range 227°-316 


3 Made from concentrate ceotahning DDT 25%, Triton X-100 10%, and xylene 65% 


% (diluted 1:4). 


4 Made from DDT with a wetting agent mechanically dispersed in water. 


ments were used as checks. Exposure was 
made for 9 hours a day until the desired 
number of hours was attained. Boards and 
glasses were placed under cover at night, 
and additional exposure was made to com- 
pensate for periods of cloudiness. These 
samples were protected from rainfall. The 
effects of exposure were determined by the 
same methods as in the tests of exposure 
to ultraviolet light. 

In the first series of tests conducted dur- 
ing April exposures were made at Orlando, 
Fla., and Menard, Tex. At Orlando, in 
addition to the regular set of exposures, a 
second set was allowed to remain out of 
doors continually and was therefore sub- 
jected to all weather conditions, including 
1 inch of rain. The results in table 3 show 
that exposure affected all treatments, par- 
ticularly those on glass plates. Loss of ef- 
fectiveness of DDT was greatest when 
APS-202 was used as the auxiliary sol- 
vent. The emulsion and the suspension 
were not seriously affected, especially on 


glass. Several pyrethrum sprays included 
in the series were almost completely in- 
activated. The rain probably removed 
some of the deposits. 

Results of the second series of tests in- 
volving exposure to Florida sunlight are 
presented in table 4. As previous tests had 
indicated a possible relation between the 
volatility of the auxiliary solvent and the 
effect of exposure to sunlight, the solvents 
were chosen to give further indications on 
this point. The auxiliary solvents used are 
arranged in the table roughly in the order 
of their boiling ranges. The degree of de- 
composition by light, as judged by the 
time required for knock-down of house- 
flies, is somewhat in the order of the boil- 
ing range of the auxiliary solvent. De- 
posits from auxiliary solvents with boiling 
ranges near or below that of kerosene all 
showed practically no loss in effectiveness 
on wood; their effectiveness on glass was 
reduced, but to a much lesser extent than 
those with high-boiling solvents. Solvents 
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above the boiling range of kerosene gave 
deposits that showed marked reduction in 
effectiveness of DDT on both wood and 
glass surfaces. PD-544-C, which has a 
boiling range close to that of kerosene, 
showed no reduction on wood but definite 
reduction on glass. A more thorough study 
is needed of solvents with boiling ranges 
close to that of kerosene. 

Deposits from the emulsion and the sus- 
pension again showed little or no loss in 
effectiveness of DDT. 

These results all indicate that, as might 
be expected, DDT is more rapidly and 
completely decomposed in solution than as 
a solid deposit. Thus, comparatively dry 
deposits, such as those that form from the 
suspension and the emulsion, show least 
decomposition. Kerosene solutions made 
with rather volatile auxiliary solvents 
show less decomposition than those with 
nonvolatile solvents and evaporate to a 
dry deposit more quickly. The latter re- 
main liquid for long periods and thus per- 
mit penetration of the light rays and re- 
sulting decomposition. 
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SumMARY AND ConcLusions.—Boards, 
petri dishes, and glass plates sprayed with 
DDT solutions, emulsions, and suspen- 
sions were exposed to ultraviolet light and 
to sunlight. Duplicate treatments were 
unexposed as checks. In the DDT solu- 
tions 15 per cent of various auxiliary sol- 
vents were included. Exposure to both 
ultraviolet light and sunlight reduced the 
effectiveness of the treatments in most 
cases, as shown by the time required to 
give a knock-down of houseflies, Musca 
domestica L. With several high-boiling 
auxiliary solvents, however, this reduction 
was particularly severe. It appears from 
these tests that in general, where decom- 
position by light may be a factor, auxiliary 
solvents used in conjunction with kero- 
sene in DDT residual sprays should not 
only be good solvents for DDT but should 
be of the boiling range of kerosene or 
lower. Solvents of very low flash point 
should be avoided. Xylene emulsions an 
aqueous suspensions were less affected by 
light than solutions.—12-10-45. 








My assignment was to include stored 
grain and household insects. However, as 
Doctor Knipling has discussed those in- 
sects of the home which are carriers of 
disease, and also bedbugs, it will be un- 
necessary for me to include flies, mos- 
quitoes, fleas, and bedbugs in my discus- 
sion, although we do recognize these in- 
sects as major household pest problems, 
aside from their importance as disease 
carriers. Furthermore, for the most part, 
what I have to say will not refer so much 
to personal studies, but rather a brief 
résumé of published results. 

STorRED GRAIN InsEcts.—For the most 
part, the results which I will report, so 
far as seeds and stored grains are con- 
cerned, are the results of research by Dr. 
Cotton and his associates. 

Briefly, the studies which have been 
reported indicate that seeds and grain 
are adequately protected against the com- 
mon grain infesting insects by proper use 


1 A part of aSymposium presented at the Annual Meetings at- 
min m? Lara December 6, 1945 (other papers in the group not 
received). , 


DDT to Control Household and Stored Grain Insects! 


J. J. Davis, Purdue University Agricultural Experiment Station, Lafayette, Indiana 









of DDT; that its use with a carrier or 
diluent gives satisfactory distribution 
over the seed; that it may be combined 
with various seed disinfectants, such as 
Spergon, Barbak, Ceresan and others, for 
treatment against both insects and seed- 
borne diseases; that, so far as tested it 
has no harmful effect on germination; 
and that definite precautions should be 
made against the use of DDT, with our 
present knowledge, for the treatment of 
seeds or grains for use in animal feeds. 
Becoming more specific, we find that in 
laboratory tests, a 3 per cent DDT dust 
mixed with wheat at the rate of 1 part to 
10,000 parts by weight of grain, resulted 
in a 100 per cent mortality of adult red 
flour beetles, Tribolium castaneum, after 
confinement for 2 days; that wheat 
treated with DDT at the rate of 0.005 per 
cent, 0.025 per cent and 0.05 per cent by 
weight was effective after one year and 
that many dead adults of the lesser grain 
beetle and flour beetle, and dead larvae 
of the cadelle and Indian meal moth were 
found; that wheat, barley, oats, and 
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sorghum seeds treated with 3 per cent 
DDT dust at varying rates from 0.05 to 
0.1 per cent by. weight, showed no infesta- 
tion after a period of 8 months; that paper 
bags impregnated with a 10 per cent solu- 
tion of DDT in acetone prevented the 
lesser grain borer, Rhizopertha dominica, 
and the cadelle, Tenebriodes mauritanicus, 
from cutting through the bags and after a 
2-months exposure to infestation. 

DDT in oil, emulsions, or in wettable 
forms at the rate of 5 per cent, applied 
to walls and woodwork of warehouses, 
flour mills, and empty grain bins were 
effective in destroying stored grain in- 
sects and are recommended as residual 
sprays in such places and especially for 


clean-up operations in farmers’ grain bins. 


Briefly then, studies to date show that 


DDT is effective against the common 


pests of stored seeds, that the treatments 
have no harmful effect on seed germina- 
tion and that the treatment should be 
used only on seeds and grains to be used 
for planting and not on grains which are 
to be used for feeding purposes. In general 
the recommendation based on present 
knowledge is one ounce of a 3 per cent 
mixture to 100 pounds or 1 to 1600, Dil- 
uents include pyrophyllite or similar 
materials although it has been suggested 
that magnesium oxide may be preferable 
because it has a repellent effect. 
Hovusrnoitp [nsects.—As I have al- 
ready stated, my assignment does not in- 


elude al! household insects, since flies, 
mosquitoes, fleas and bedbugs were 


handled by Doctor Knipling. 


Most of the published results on the use 
of DDT as a control for household pests 
have referred to laboratory tests. There 
fore, I wish first to call to your attention 
an outstanding piece of research con- 
ducted between industry and entomology, 
where actual field conditions were em- 
ployed. I refer to the cooperative experi- 
ments between the Bureau of Entomology 
and Plant Quarantine and the Research 
Committee, headed by J. Edwin Sameth, 
of the National Pest Control Association. 
During 1944 and 1945, when DDT was 


available to civilians for experimental 


purposes only, special arrangements were 
made with the Bureau to provide limited 


amounts of formulated DDT to selected 


pest control operators, who agreed to use 


the material for service jobs, according to 
a prearranged project outline and to ac- 
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curately report results as used under 
normal service conditions. The results of 
this nation-wide study under commercial 
pest control conditions have been reported 
in several Service Letters of the National 
Pest Control Association, and the last 
report was contained in Service Letter 372 
of this Association. 

Cockroaches are perhaps the common- 
est pests of the home, with the exception 


of flies and mosquitoes. At any rate, com- 
mercial pest control operators have been 


almost unanimous in declaring roaches as 
their major service problem. Of the four 


common species found in buildings (Amer- 


ican, Oriental, German, and Brown 


Banded) a 10-per cent DDT powder has 


given excellent control of the American 


and Oriental roaches, but the reports of 
its efficiency against German and Brown 
Banded roaches are conflicting, perhaps 
the majority of investigators reporting 
negative results, However, Captain Tru- 
man, entomologist in charge of the Fifth 
Service Command, has reported to us 
verbally that he obtained excellent results 
throughout his Service Command against 
the German roach. This may be accounted 
for by the fact that more frequent treat- 
ments were made than under normal con- 
ditions and observations referred to those 


‘ ‘ 
made several weeks after applications 
were started. A DDT concentrate of 25 


per cent has been reported effective 
against brown banded roaches if applied 
as a residual spray to places where this 
species commonly hides, as hehind wall 
pictures, in radio and piano boxes, dresser 
drawers and the like. Also, it has been 
reported effective against German and 
American roaches when mixed with dog 
biscuit or mouse food at the rate of 1 to 
100 although the roaches required up to 
3 weeks to succumb, 

Everything considered, sodium fluoride, 
with or without pyrethrum, is perhaps 
still superior to DDT, at least in the hands 
of the commercial operator. It should be 
noted that a single application of either 
the DDT powder or liquid seems to 
scatter an infestation over a premise and 
may cause, temporarily, some embarrass- 
ment to home owners. I found no records 


on the use of a combination of DDT and 


sodium fluoride or pyrethrum. 
Suverfish and firebrats are among the 


more common household pests. Studies 
indicate that they may be effectively 
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controlled by treating the sources of in- 
festation with 5 per cent DDT powder or 
spray. 

Moru-Proorine.—Under the heading 
of moth-proofing we will consider both 
clothes moths and carpet beetles. The re- 
sults of the N.P.C.A. cooperative experi- 
ments show that DDT will give protection 


if the fabric contains 2 per cent or more 
of DDT of the weight of the fabric. As it 


would be applied by the housewife it 
probably would be of little value. Doubt- 
less the eulans, fluorine and arsenial 
compounds are equally valuable and per- 
haps no chemical has the good results 
obtainable by the clean-up of breeding 
places, dry cleaning (without the use of 
so-called moth-proofing chemicals) and 
proper storage. We should, however, call 
attention to the real value of a DDT 
liquid when applied to obscure breeding 
places of the carpet beetle, such as in 
piano and radio boxes, cold air ducts, 


cracks around baseboards, and similar 
places where lint accumulates and offers 


a hidden breeding place. 


The value of aerosols for moth control 


‘ ,‘ ‘. 
has been the subject of some discussion 
and has been stressed in advertising. As a 


“ § 
matter of fact, the use of these “bombs 
in closets and similar closed containers 


does kill the adult clothes moths but has 
no effect on the destructive larvae feed- 
ing more or less hidden beneath the folds 
of the fabrics. Perhaps if used regularly 
and frequently it would in time destroy 
enough of the emerging adult moths to 
check an infestation. 

Ants. For such species of ants as 
the pavement ant, the little black ant, 
the red ani, and the carpenter ant, DDT 
powder has given relief up to 2 weeks 
when used as a barrier material, while the 
liquid has given protection up to 4 weeks. 
However, from results to date, it cannot 
be considered as equal to prevailing 
methods, such as poisoned jelly, honey, 
sugar or syrup. 

Dermestes lardarius, (et al.), the larder 
beetles, are rather common household 
pests, especially in apartments with in- 
cinerators. They breed abundantly around 
incinerators where care has not been taken 
to burn all refuse. Of course, the proper 


procedure is to eliminate unburned refuse, 
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but nevertheless it is worthy of notice that 
a 1 per cent kerosene spray of DDT will 
kill these beetles and their larvae when 
applied direct to the insect and that the 


residual material from such a spray is 
effective but is slow acting, requiring 
several days. 

Brown Dog Tick. This is a serious house- 
hold pest in the northern states in houses. 


Of course, in the southern states it sur- 


vives the winters out-of-doors and per- 


haps is: an even more severe problem. 
DDT liquid or powder has proved su- 
perior to prevailing methods, the liquid 
being the better. It is possible to eradicate 
a severe tick infestation in a building by 
a single, properly applied application of a 
10-per cent dust or 5-per cent liquid. Two 
weeks are required to secure desired re- 
sults. At the same time, the dogs should 
be treated with the powder. 

Bees in Walls. In Indiana many in- 
quiries are received regarding honeybees 
hiving between walls, and the control in 
the past has been by use of calcium 


cyanide dust. We have been able to use 
DDT with good results, using a 20 per 


cent dust or a 5 or 10 per cent spray, 


injected into the entrance. 

Wasps. Paper wasps are also the sub- 
jects of many inquiries, especially where 
they nest near doors and windows. A 5- 
per cent dust of DDT has proven very 
satisfactory and effective in every case 
where tested. is , 

Termites, With the studies reported to 
date, DDT cannot be recommended for 
termite control although there are indica- 
tions that it may be used in combinations 
with other materials to advantage. 


Fleas, bedbugs, flies, and mosquitoes, 
which are major household pests have 
been reported elsewhere and as noted are 
effectively controlled by the use of DDT. 


However, I would like to make an addi- 
tional comment regarding fleas. In In- 


' diana we have many inquiries regarding 


fleas in lawns. These infestations, of 
course, have a source. Just to report an 
instance, I found the infestation in lawns 
originating under an open back porch 
where the family dog slept. A single treat- 
ment with a 5 per cent dust under and 
immediately surrounding the porch elim- 


inated the lawn infestation.—12-30-45, 





DDT to Control Hornflies and Gulf Coast Ticks 
on Range Cattle in Florida 


Joun G. Matruysse, Geigy Company, Inc., New York 


It is well known that residual deposits 
of DDT will kill hornflies, Siphona irri- 
tans (L), but the optimum concentration 
and form in sprays and dips, the best 
methods of application, and the duration 
of residual action under different condi- 
tions are matters of controversy. The ex- 
periments reported here were carried out 
in southern Florida to attempt to answer 
some of these problems. 

The summer weather conditions in in- 
land southern Florida subject any out- 
door insecticide deposit to a very severe 
test, probably as severe as anywhere in 
the United States. Almost every after- 
noon a tropical downpour of rain can be 
expected, of short duration but extremely 
intense. The remainder of the day the 
sun shines very hot and continuously. The 
temperature almost always is over 85° 
durmg the day and often over 95°. 
Humidity is very high. These experiments 
were carried on from mid-July to mid- 
September 1945, when rainfall at Clewis- 
ton, Florida was as follows: July 15 to 
31—7.94 inches; August—3.77 inches 
(August 1-11 was a dry spell, the whole 
3.77 inches fell August 12-31); and Sep- 
tember 1 to 16—9.50 inches. All this rain 
pe in downpours of short duration each 

ay. 

Cattle were treated by dips or sprays in 
Hendry County and Glades County, 
around Clewiston, La Belle, and Moore 
Haven. Work was done under conditions 
as close as possible to normal range prac- 
tices in this area. Whole herds of cattle 
were sprayed or dipped and returned im- 
mediately to their grazing lands. Counts 
of fly populations were taken by driving or 
riding out through the herds and examin- 
ing, wherever possible, at least 25 head at 
close range, then calculating an average 
number of hornflies per head. It was im- 


possible to make counts at definite regu- 
lar intervals, but counts were taken more 


often than once a week. In all cases before 
spraying, cattle were heavily infested, 


at least 500 flies per head in the lightest 


infestations—the usual infestation being 


several thousand per head. 
Six different methods of 


cattle were tried out as follows: 


spraying 


A. Slow complete spraying of whole 
body as the cattle were held in a 
chute, using 2 nozzles off a power 
spray rig, spraying from both sides 
of the chute. Nearly a gallon of 
spray per head was necessary. 

- Incomplete spraying as the cattle 
were held in a chute, covering 
mainly the head, shoulders and 
back. Same equipment used as in 
A. An average of 1 quart per head 
was necessary. 

. Incomplete spraying as the cattle 
ran through a chute, covering 
mainly the head, shoulders, and 
back. Same equipment used as in 
A. Only 1 to 2 pints per head was 
necessary. 

. Spraying heads, shoulders, and 
backs only as the cattle milled 
around in a small pen, using 2 noz- 
zles from a power spray rig, oper- 
ators standing on fences on each 
side of the pen. One quart or less 
per head was necessary. 

. Spraying cattle all over as they ran 
out of a pen or chute. Spray di- 
rected mainly at the back, sides, 
and belly, using 2 nozzles from a 
power spray rig, operators standing 
on both sides of the exit gate. Less 
than 1 quart per head was necessary. 

. Fast, complete, but light spraying 
as the cattle ran through a bank of 
nozzles arranged around the inside 
of a chute. Seven nozzles with 
extra large dises operating at 150 to 
200 pounds pressure were used, ar- 
ranged so that 4 sprayed the sides, 
two the belly, and one the head and 
back. One quart or less per head was 
used. 

The results of the whole series of tests 
are given in tables 1, 2, and 3. These are 
average summary tables of the data from 
treating 8402 head in 36 herds. In inter- 


preting the data, it is considered that a 


zero, or less than 1 fly per head, average 


means the deposit was still active. Where 


cattle averaged one or more flies per head 


the deposits were no longer killing flies, 


even though no considerable build-up of 


flies occurred during the following several 
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Table 1.—Spraying cattle for hornfly control using DDT emulsions;? southern Florida, 1945. 








No, 
PerCenr Spray No. or Gats. Per 
DDT Mersop CarttLe Heap 


RAINFALL 4-6 7-9 


AVERAGE NUMBER OF FLIes PER Heap Dugine 
Fottzowine Intervats (tN Days) AgTeR SPRAYING 





10-13 14-20 21+ 





125 ‘ Heavy 
2 


5 3 i . Heavy 


0. 
0. 
0. 
0. 
1. 
1. 
2. 


5 
5 
ol 
5 
5 


75 (23 days) 


Extremely heavy 


100 (21 days) 





11 per cent adhesive added, this wey omer 9 rendered the DDT unavailable to flies. 


2 In all cases Geigy Neocid A 25 or 


weeks. No rapid build-up occurs in the 
cases of higher concentrations as flies 
have been killed off within the range area 
and build-up depends on slow migration 
into the area. Small differences in the fly 
population averages are of no significance 
as it is impossible to count hornflies ac- 
curately on cattle on the range. The cattle 
are constantly moving, cannot be ap- 
proached too closely, and often only one 
side can be counted. Besides, fly popula- 
tions vary tremendously within a herd, 
some cows harboring no flies whereas 
bulls in close association may be grossly 
infested. In all cases, no hornflies ap- 
peared during the first 3 days after spray- 
ing; thus the data in the tables begin with 
4 days after spraying. 

It was immediately apparent that the 
severe conditions of southern: Florida 
necessitated higher concentrations than 
used previously in other sections. Sprays 
at from 0.1 to 0.2 per cent gave deposits 
that effectively killed hornflies for less 
than a week. This same concentration in 
dry range country has given 10 days to 
2 weeks control. It was necessary to 
raise the concentration of emulsions to 
2.5 per cent DDT to get 10 days effective 


arol A 20 emulsion was used. 


deposit. It was necessary to raise the con- 
centration of suspensions only to 1 per 
cent to get 2 weeks effective deposits. 

Suspensions at all concentrations gave 
longer lasting deposits than emulsions. 
The probable reasons are masking against 
sunlight by the suspension carrier, and 
washing off in rain by the high wetting 
agent content of emulsions. 

Dips were more effective at a given con- 
centration than spray suspensions. his 
is due probably to a larger amount of 
DDT on the animal from dips as cattle 
remove more than a gallon per head from 
a vat, and also complete body coverage, 
including the undersides of the body 
which are less affected by rain and sun 
than the backs. Nevertheless, none of the 
dips approached in effectiveness the higher 
concentrations of suspension sprays. Dip- 
ping is a very uneconomical method of 
treatment for hornfly control as at least 
2000 gallons of water must be charged 
with DDT regardless of the number of 
cattle to be treated, and over a gallon 
per head is taken out of the vat, whereas 
spraying can be done with a quart or less 
per head, and no more water charged 
with DDT than is necessary to apply to 








Table 2.—Spraying cattle for hornfly control using DDT wettable powder ;* southern Florida 1945. 


Gas. Per 


No, 
Per Cent Spray No. or oF 
D Heap 


Merson Carrie Herps 


RAINFALL 4-6 7-9 


Averace No. or Fuites Per Heap Durie Fottowina 
INTERVALS (IN Days) AFTER SPRAYING 


10-138 14-20 21+ 








A Heavy 


Heavy 


= 
ae 
t 


oso 
2 FO 
or 


oo 
eco owt 


~ 
named 


mt oP 
2 Sst 
Thee 
ao 


Om 


Light for 10 days 
Ex venei heav. 
Moderate . 


Light for 10 days 


1 6 12 20 
15 20 

12 20 
<1 1 20 
0 4 10 


orow 


(28 days) 


<1 2 (25 days) 
0 <l (25 days) 
0 0 (28 days) 
rate 
<i 

0 (21 days) 
0 


(26 days) 


occ coco 


m moderate 





1 On 6th day 8 untreated cattle mixed in with one herd. 
2 Moved to clean pasture after spraying. 


* In all cases Geigy Neocid Barn Spray was used. 
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the cattle. Even low concentrations such 
as 0.25 per cent are expensive when large 
vats must be charged. 

From the results of these tests it is 
considered that there is no advantage 
in using a spray suspension concentration 
above 1 per cent DDT. All concentra- 
tions of 1 per cent and over gave almost 
2 weeks effective killing deposit, and in- 
significant populations for more than a 
month after spraying. Since the life cycle 
of the hornfly in hot weather requires 
less than 2 weeks it is evident that the 
above sprays will all practically eradicate 
hornflies from the area upon which 
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too slow and requires too much material. 
Using nozzles arranged in the chute was 
an extremely fast, efficient, and labor- 
saving method. Only one man was re- 
quired to do the spraying; he stood at 
the back of the spray rig and shut off 
the spray whenever the line of cattle 
moving through was interrupted. As an 
example of the rapidity possible, over 
1300 head of Hereford cows were sprayed 
in less than 2 hours, and 350 Brahma 
cross bred steers in half an hour. By this 
method a considerable quantity of spray 
is applied to the undersides of the body 
where it is protected from weathering 


Table 3.—Dipping cattle for hornfly control using DDT wettable powder; southern Florida 1945 








No. or 
Herbs 


Per Cent No. or 
DDT CATTLE 


RAINFALL 


AvERAGE No. or Fries per Heap Durtne 
Fotiow1ne Intervats (in Days) AFTER 


7-9 10-13 





0.1 350 2 
0.125 95 1 Moderate 
0.18? 900 1 Moderate 
0.25 50 1 Moderate 
0.2 1 


53 150 


Extremely heavy 


Extremely heavy 


Dreprnea! 
21+ 
4 8 


14-20 
22 (28 days) 
+ 25 


1 

1 

1 1 2 10 (23 days) 
1 5 40 (24 days) 
5 10 35 





1 No observations until 7 days after dipping. 
2 Transferred to clean pasture after di 


pping. 
* Eight days after dipping 25 head infested cattle were mixed in. Three days after dipping less than 1 fly per head was noted. 


4 In all cases Geigy Neocid Barn Spray was used. 


treated cattle range, and the rate of re- 
infestation will depend upon rate of 
migration into the area and the size of 
the area. The much higher cost of 2.5 
per cent DDT spray (44 pounds of 50 per 
cent wettable powder per 100 gallons for 
2.5 per cent; only 17 pounds for 1 per 
cent) unduly increases the cost of treat- 
ment. 

Rainfall had a definite effect on dura- 
tion of residual action of the deposits. The 
first 2 weeks of August were relatively 
dry, and deposits were markedly longer- 
acting at that time. The effect of heavy 
rainfall is somewhat masked by the 
lowered rate of breeding under such condi- 
tions; it should be remembered that much 
of the range was under water in spells of 
extreme rainfall. 

The method of spraying had no signi- 
ficant effect on the control obtained. The 
spraying was done with equipment avail- 
able in the immediate areas, so that ex- 
periments could not be set up to evaluate 
methods accurately. Attempting to spray 
cattle thoroughly for fly control (Method 
A) is impractical. This method is much 


and sun, and also where mosquitoes at- 
tack in greatest numbers. 

Spraying cattle as they mill around in 
a pen is also fast and effective but little 
spray is applied to areas other than the 
back so that flies biting other areas are 
not affected. 

The effect on other biting flies could not 
be accurately determined. The habit of 
the hornfly of constantly associating 
with cattle renders it a useful index of 
length of residual action of deposits. The 
deposits would probably retain killing 
power for a similar length of time against 
mosquitoes. Mosquito (Aédes, Psorophora 
sp. mostly) populations fluctuated greatly 
with the weather; nevertheless, the spray- 
ings caused a separate noticeable decline 
in population on the ranges where large 
numbers of cattle were sprayed. Adults, 
though were constantly emerging so that 
the sprayings never completely controlled 
them. There was no noticeable effect on 
tabanid populations. 

Gutr Coast Tick.—The Gulf Coast 
tick Amblyomma maculatum Koch, is a 
serious pest in southern Florida for at least 
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2 months during the Jate summer. In 
themselves, the ticks are unimportant, 
but these ticks are the major cause of 
wounds in which screwworms develop 
during their active season. Cattlemen 
commonly round up their herds several 
times in late summer and grease the ears 
to control ticks. 

DDT was tested for tick control by 
incorporating it in a grease for hand treat- 
ment and as an emulsion plus an adhesive 
for spraying the ears. Both methods suc- 
cessfully prevented screwworm ear cases 
for more than a month. 

The sprays used contained 4 per cent 
and 5 per cent DDT, applied by a 8 gal- 
lon compressed air sprayer. No ear screw- 
worm cases developed from tick wounds 
for over 4 weeks on treated cattle whereas 
untreated cattle in the same area aver- 
aged 5 to 10 per cent infested. 

The greases used contained 8 per cent 
DDT in gear compound and roller track 
lubricant plus 26 per cent sulfur. Where 
there had been 30 ear cases in 500 cattle 
in one week before application, there was 
only one ear case in 6 weeks following 
treatment in these same cattle. 

The grease treatment gave as good re- 
sults as the spraying and is much more 
practical for cattlemen than spraying. It 
requires no special equipment and the 
DDT can be mixed into readily available 
materials. 

SumMary.—Spraying and dipping of 
8402 beef cattle in 36 herds in southern 
Florida for control of hornflies by DDT 
indicated the following: 

1, The extreme summer weather condi- 


tions, particularly heavy daily down- 
pours of rain, quickly render inactive, 
deposits from low concentration sprays. 

2. Deposits from suspensions resist in- 
activation better than deposits from emul- 
sions. 

8. Deposits from sprays of 1 per cent 
or more DDT suspensions remain lethal 
to hornflies for almost 2 weeks, and will 
keep hornfly populations on whole herds 
at insignificant levels for over a month. 

4, Deposits from sprays of 1.5 and 2.5 

r cent DDT suspension remain active 

ittle if any longer than at 1 per cent and 

the much higher cost of 2.5 per cent ren- 
ders its use very doubtful, at least under 
the conditions of these experiments. 

5. For long lasting residual action 
from emulsions it appears that at least 
2.5 per cent DDT is required in the spray. 

6. Dipping is more effective at equal 
concentration than spraying, but requires 
so much more material that it is of doubt- 
ful practicability. Spraying with 1 per 
cent DDT is far cheaper than dipping in 
0.25 per cent. 

7. A very rapid effective method of 
spraying is to arrange many nozzles in- 
side a chute so as to cover the whole body 
as the cattle run through the spray. 

8. The treatment apparently reduced 
mosquito populations in some cases, but 
had little effect on tabanids. 

9. Inclusion of DDT in adhesive sprays 
or greases applied to the ears of cattle 
will markedly reduce incidence of screw- 
worm ear cases pre-disposed by Gulf Coast 
tick infestations.\—2-15-46. 


1 Prompt publication secured by payment of costs of printing. 





DDT for the Control of the Horn Fly in Kansas 


E. W. Laake 
U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


During the summer of 1945 tests with 
DDT for the control of the horn fly were 
conducted in 16 counties in Kansas in 
cooperation with the Extension Depart- 
ment of the Kansas State College of Agri- 
culture, the Office of the Livestock Sani- 
tary Commissioner of Kansas, the South- 
western Regional Office of the National 
Live Stock Loss Prevention Board of 
Kansas City, Mo., and the U. S. Bureau 
of Entomology and Plant Quarantine. The 


objects of these tests were (1) to deter- 
mine the duration of effectiveness of DDT 
sprays and dips against horn flies under 
practical field conditions, (2) to determine 
the value of DDT to the cattle owner for 
the control of horn flies, and (3) to famil- 
iarize livestock owners with the proper use 
of DDT for treating animals for control 
of flies and other external parasites. The 
DDT was obtained in the form of a water- 
dispersible powder and was diluted with 
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water to give a suspension containing 0.2 
per cent of DDT for the sprays and 0.1 
per cent of DDT for the dips. 

This area includes all the principal cat- 
tle-grazing and -feeding areas in Kansas. 
Johnson and Bourbon Counties are lo- 
cated in the bluegrass and miscellaneous 
grasses area in the far-eastern part of the 
State; Riley, Wabaunsee, Morris, Chase, 
Greenwood, and Butler Counties are in 
the bluestem or flint hills section of east- 
ern Kansas; Saline County, in central 
Kansas, and Barber, Comanche, and 
Kiowa Counties, in the southern part of 
the State, are in the mixed bluestem and 
short grasses area; and Finney, Logan, 
and Scott Counties, in western Kansas, 
and Smith County, in the far-northern 
part, are mostly or entirely in the short or 
buffalo and grama grasses region. Most of 
the 750,000 cattle that are annually im- 
ported during normal years for grazing 
and fattening are located in these areas. 

In Kansas the horn fly is a serious pest 
throughout the state during June, July, 
August, and September. Each year this 
pest becomes so abundant and injurious 
to cattle that the feeding of animals in 
feed lots to prepare them for market was 
found to be unprofitable during this period 
and was discontinued years ago. By June 
of 1945, when the tests were begun, beef 
cattle carried an average of from 500 to 
1500 flies per animal in different herds, 
and some of the aged bulls carried as 
many as 10,000 flies. The horn fly popula- 
tion on untreated animals reached its 
peak during the latter part of July and in 
August, when the average number of flies 
per animal was estimated to be as high 
as 3000 in some herds throughout the 
state, and bulls were observed on which 
the number of flies was estimated to be as 
high as 20,000. Infestations of horn flies 
as heavy as these are not peculiar to 
Kansas but are common throughout the 
southern and southwestern states. In the 
Gulf States heavy horn fly infestation on 
cattle usually extends for a period of 6 to 
7 months each season. 

The initial treatment of all herds was 
made by the representatives of the four 
cooperating agencies. The county agent 
also participated in this treatment, and 
directed the fly counts. As soon as he ob- 
served an abrupt increase of horn flies 
on the treated herds, he made arrange- 
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ments with the owner of the herd for the 
next treatment. All treatments following 
the initial one were made by the three 
local cooperating agencies, together with 
the county agent and the herd owners. 
Wherever facilities for weighing the herds 
were available, all or part of each herd 
was weighed in order to determine the 
gains in weight during the test period. 

Power sprayers equipped with 3- or 4- 
nozzle brooms and capable of maintaining 
a constant nozzle pressure of 400 to 500 
pounds per square inch were used for ap- 
plying the spray to the animals. The spray 
was applied to the upper half of the body 
and to the neck and head of each animal. 
Approximately 2 quarts of spray was ap- 
plied to each adult animal and about 1 
quart to each calf. The best results were 
obtained when the nozzles were held 
rather close to the animal to drive the 
spray through the coat of hair and to 
drench the skin thoroughly (Fig. 1). 

In two herds only half the animals were 
sprayed. After treatment both the sprayed 
and the unsprayed animals were kept to- 


Fic. 1.—Spraying cattle with mist-nozzle brooms. 
Broom at left is held at correct height above animals, 
whereas broom at right is held too high for best re- 
sults. Operators are standing on catwalks extending 
the full length of the pen, which is approximately 24 
feet long by 12 feet wide. These facilities permit 
spraying 300 cattle per hour. 


gether in the same pasture, where they 
commingled daily. Since horn flies move 
freely from one animal to another one 
nearby, it was desirous to determine the 
results obtained by half-herd spraying. 
Two other herds, one of which contained 
over 1000 animals of all ages, were dipped 
in order to compare the results with those 
obtained from sprays. 
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Barns and sheds were also treated with 
different concentrations of DDT sus- 
pensions and emulsions in order to deter- 
mine their merits for the control of the 
stablefly, Stomoxys calcitrans (L.), and the 
housefly, Musca domestica L., both of 
which were abundant. All the tests were 
begun during the middle of June and were 
concluded by the first of October. 

Table 1 shows the results of the tests 
with DDT suspension for whole-herd 
spraying and half-herd spraying. 


The tests gave important information, 
not only on the effectiveness of DDT 
against horn flies, but on the-amount of 
damage done by the horn fly to the cattle 
industry in Kansas. As shown in table 2, 
the treated cows and calves on ranches 1, 
3, and 4 gained 42.2 to 51 pounds and 46.9 
to 70 pounds more, respectively, per ani- 
mal, than the untreated cows and calves. 
Although the test on ranch 2 ran for only 
60 days, the 601 animals that were 
sprayed three times gained 18,030 pounds 


Table 1.—Duration of effectiveness of 0.2 per cent DDT suspensions applied as a spray to 


beef cattle for the control of the orn fly. 
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First All 
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Second All 
Half 


Third All 
Ralf 


3256 
337 


$256 
337 





3108 
337 








Fourth All 444 


2 13.9 
13.5 


20.6 
21.0 


29.5 
21.0 





32.0 





Where all the animals in the herd were 
sprayed, the average duration of effec- 
tiveness increased with each treatment, 
but where only half were sprayed the 
duration of effectiveness was no greater 
after the third than after the second spray- 
ing. Although good results were obtained 
with half-herd treatment, the longer pro- 
tection afforded by repeated whole-herd 
treatments was considered preferable be- 
cause the cost for whole-herd treatments 
would be less than for a greater number 
of half-herd treatments. 

Four dippings of 0.1-per cent DDT were 
effective for as long a time as were the 
four sprayings with 0.2-per cent DDT, 
the first application giving protection for 
18 days, the second and third for 21 days, 
and the fourth for 36 days. Dipping, how- 
ever, required approximately three times 
the amount of DDT needed for spraying, 
owing to the greater amount of material 
needed to charge a dipping vat. 

The weight gains of some of the treated 
herds and similar untreated herds during 
the period of these tests are given in table 2. 


more than the untreated animals. This 
gain in weight for the 900 gallons of spray 
containing approximately 15 pounds of 
technical DDT was 1202 pounds weight 
for each pound of DDT used. On ranch 1, 
where 4.25 pounds of technical DDT 
was used for the four sprayings, the ap- 
plication of each pound of DDT resulted 
in the production of 1285 additional 
pounds of beef; and on ranch 3, where 
the greatest gain was obtained, for each 
pound of DDT there was a gain of 2306 
pounds. On ranch 4 the dip was used with 
103 pounds of technical DDT for dipping 
1017 animals four times. This yielded a 
return of only 430 pounds of beef for each 
pound of DDT used. The average weight 
gain for the cows on ranches 3, and 4 was 
46 pounds, and for the calves, 59 pounds. 
On ranch 2 the average gain of the treated 
herd, which consisted of all classes and 
ages of animals from calves to aged bulls 
and cows, was 30 pounds per head over 
the animals in the check herd. 

According to the estimates of the 
United States Department of Agricul- 
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Table 2.——-Gains in weight of animals treated with DDT for the control of horn flies as com- 


pared with weight of untreated animals. 
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174.0 


Number| Pounds 
55 1080.0 
16 972.0 


320.0 
261.0 


45 150.0 
14 125.0 


224.0 
194.0 


601 570.0 
50 567.0 


102.5 
58.8 


45 895.5 
41 868.2 


266.0 
196.0 


27 160.0 
28 212.1 


105.5 
63.3 


42 1110.0 
42 1022.0 


164.3 
117.4 


183.0 
36 236.1 

















ture,! there were 2,866,000 beef cattle of 
all classes in Kansas on January 1, 1945. 
If the average gain of 30 pounds per ani- 


mal, as shown in table 2, ranch 2, is ap- 
plied as a yardstick, the loss of beef due 
to horn fly injury during 1945 would 
amount to 85,980,000 pounds, or a value 
of approximately $8,598,000. This esti- 
mate does not include the loss sustained 
on an estimated number of 1,171,000 
dairy cattle in Kansas during 1945. 
Therefore, if horn flies were"the sole factor 
and equally abundant throughout the 
state, the loss sustained in Kansas alone 
during 1945, as a result of horn fly injury, 
would be approximately $10,000,000. 
Residual sprays applied to barns for 
the control of houseflies and stableflies 
showed that nine barns sprayed with a 
5-per cent DDT emulsion were prac- 


tically freed of these flies for 73 to 98 


1U.S. Bur. Agr. Econ., Crop Reporting Board, Release of 
Feb. 16, 1945. 


days. One barn, at the Kansas State Col- 
lege of Agriculture, sprayed with 2.5 per 
cent of DDT in suspension was practically 
free of flies for at least 90 days, whereas 
a long shed on the college grounds sprayed 
very heavily with 0.2-per cent DDT 
emulsion remained free of flies for only 
2 weeks. Several other barns heavily 
sprayed with 0.2 per cent of DDT, either 
in suspension or in emulsion, remained 
free of flies for at least 3 weeks. Therefore, 
if the interiors of barns are thoroughly 
sprayed with 0.2 per cent of DDT at the 
same time that the cattle are sprayed for 
the control of horn flies, excellent control 
of stableflies and houseflies should be ob- 
tained as well. 

It is estimated that as a direct result of 
these tests and demonstrations, in which 
about 40 herd owners cooperated, at least 
one million cattle will be treated with 
DDT for the control of horn flies in 
Kansas during 1946. 




















Many factors tend to alleviate or in- 
tensify the codling moth problem accord- 
ing to the location of any given orchard. 
Many of these factors are but imperfectly 
understood; there are others concerning 
which considerable information is avail- 
able. One very important factor in the 
latter group is the length of the growing 
season. The longer the growing season, 
the greater the number of generations of 
codling moths that have time to develop 
and the shorter the growing season, the 
smaller the number of generations of 
moths. This factor alone probably ac- 
counts for there being but one generation 
of moths in the most northern parts of 
the apple belt; the number increasing to 
the south until at the southern edge, three 
full generations and a partial fourth regu- 
larly occur. Since the number of codling 
moths increases in geometric ratio with 
the number of generations, the problem 
is greatly intensified at the southern edge 
of the apple belt. 

Numerous entomologists and orchard- 
ists have noted that dry, warm summers 
are in general favorable to codling moth 
development, and that such summers 
typically are accompanied by severe in- 
jury unless some other factor such as a 
crop failure the preceding year has re- 
duced the moth populations. The cli- 
matic records of Oklahoma show that 
typically there is abundant moisture dur- 
ing the spring months but a deficiency 
during June, July, August and September, 
and that drouths 15 to 30 days in dura- 
tion are very common. High temperatures 
and low humidity also are characteristics 
of this same period, with the result that 
the typical Oklahoma summer is of the 
type commonly considered most favorable 
for codling moth development. 

It therefore seems likely that Okla- 
homa’s location on the extreme southern 
edge of the apple belt, with its long grow- 
ing season and its dry warm summers ac- 
counts for the severity of infestations of 
this pest regularly occurring within the 
state; under such circumstances and con- 
sidering the difficulties encountered in 
control in areas less favorable to codling 
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moth development, satisfactory control 
based on more intensive spray programs 
seemed unlikely, therefore, some other 
method was sought. 

Of various plans considered, the most 
promising was reduction of the overwin- 
tering population by having orchards in 
which all apples mature and are harvested 
before the majority of the codling moth 
larvae enter hibernation. Since numerous 
horticulturists in Oklahoma consider early 
apples more profitable than late apples, 
it appears that this plan if successful 
would fit well into a horticulture program. 

This paper is a preliminary report on 
investigations conducted during the past 
three summers to determine whether or 
not such a method might be effective. 
The information obtained to date indi- 
cates not only that it would be effective, 
but also inexpensive and would be prac- 
tical under Oklahoma market conditions. 
The proposed plan would be to plant ap- 
ple orchards containing only trees from 
which the fruit may be harvested not 
later than the middle of August. The date 
of August 15 was selected for three 
reasons: 

1. The data obtained in experiments 
reported later in this paper indicate 
by this date a very small proportion 
of larvae have entered hibernation. 

2. After this date there was a very 
rapid rise in the percentage of larvae 
that hibernate rather than pupate. 

3. This date is sufficiently late to per- 
mit the growing of a variety of ap- 
ples (Summer Champion) that has 
mace the best yield record of all the 
apple varieties grown in the experi- 
ment station orchard, while several 
days elapse before other really de- 
sirable varieties reach maturity. 

Review or Litrerature.—Numerous 
authors have noted that light injury from 
codling moths is experienced from 1 to 
2 years following apple crop failures and 
have attributed this condition to the 
light carry over of moths following years 
when few apples were present on which 
the overwintering forms could develop. 


Aside from such statements, few papers 
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have been published having a direct bear- 


ing on this problem. 

Bodenheimer & Naim (1929) in Pales- 
tine, Doinikov (1936) in Russia, and Nel 
(1942) in South Africa all have indicated 
that interplanting of early and late varie- 
ties increased moth populations and have 
suggested isolated plantings of one variety 
or of varieties having similar dates of ma- 
turity. 

Isely (1943) obtained data under con- 
ditions much more nearly approximating 
those in Oklahoma. By making infesta- 


tion counts at harvest or shortly before, 
he observed that “‘orchards which include 


only the variety Transparent (ripening in 
late June) and which are separated from 


later varieties by a distance of at least 
one-fourth mile, have been found to be 
practically worm free at harvest even 
though all cover sprays for codling moth 
control were omitted.” His data also 
clearly indicate that (1) where blocks of 
apples of similar ripening dates were iso- 
lated, the earlier the fruit matured the 
less the injury; (2) that the SnverpeanS 
of early and late varieties increas 
injury to all varieties; and (3) that in 
varieties ripening the last of August and 
early September, the codling moth prob- 
lem was much less severe when they were 
isolated from later varieties. 
Exprrmentat Procepure ann Con- 
pDITIONS.—The primary objective in set- 


ting up these experiments was to obtain 
information concerning (a) the compara- 


tive numbers of codling moth larvae en- 
tering hibernation on apple varieties of 


different ripening dates, and (b) accurate 


information as to the time of year the 


moths entered hibernation. 

Most of the data were taken in the 
experiment station orchard located near 
Perkins, Oklahoma, nine miles south of 
Stillwater. This orchard is well adapted 
for the purpose in that it contains apple 
varieties ripening at all periods from late 
June until early October. The trees are 
from 11 to 14 years of age and were 
grouped according to their date of ripen- 
ing as follows: 

Date of Ripening 
Before July 1 
July 1-15 
July 16-31 
August 1-15 
August 16-31 
September 1-15 


Group 
A 


Vol. 89, No. 1 
G September 16-30 


H After September 30 
Figure 1 shows the locations of the 
trees. In general the early varieties were 


isolated from the late varieties, though 


some early fall varieties were interplanted 


in this block and late fall varieties were 


nearby. 
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Fic. 1.— Map of experiment station orchard showing 


ripening date. (Key; A—Before June 30; B—July 1 to 


15; C—July 16 to31;D— August 1 to 14, E— Miecet 16 
to 3); F—September 1 to15; G—September 16 1030; 
H—October 1 and later. 


Ten trees, bearing a good crop of ap- 
ples, were selected each year from each 


group. In a few groups the number of 
trees bearing a good crop was less than 


ten, in which cases all trees available were 
used. Since the number of early fruiting 


varieties was small as compared to the 
number of late varieties, it was necessary 
to use a high proportion of the later varie- 
ties. The trunks and larger limbs of the 
trees were scraped to remove rough bark 
and when worms of the first brood were 
beginning to reach maturity, a burlap 
band was placed around the trunk of 
each tree. The larvae were collected from 
under these bands daily in 1948 and three 
times weekly in 1944 and 1945. The Jar- 
vae from each group together with pupa- 
tion sticks, were placed in a one-quart 
wide mouthed fruit jar and covered with 
a screen cut to fit the inside of the Kerr 
rings used to cover the jars. Larvae fail- 
ing to enter the pupation sticks in the 


jar were placed in them by hand. 
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Table 1.—Total numbers and dates of collection of hibernating larvae from trees of different ripen- 
ing dates in the experiment station orchard, Perkins, Oklahoma 1943, 1944 and 1945. 
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Totals 


438 1679 2267 





The jars were then placed in an out- 
door insectary and, at the end of 2 to 3 
weeks, data were taken as to the number 
that pupated and the number failing to 
pupate from each date of collection and 
in each group of trees. Failure to pupate 
within a 2-week period from time of ma- 
turity was considered proof that that 
particular larva had entered hibernation. 
Yhe hibernating \arvae in the pupation 
sticks were grouped according to the date 
they matured and kept in the insectary 
until emergence ceased the following 
spring. During spring emergence, moths 
were removed daily and records kept so 
that at the end of the emergence period 
it was possible to obtain the percentage 
of each group that completed develop- 
ment, 

Other records were obtained in 1944 
at Westville and Konawa, Oklahoma, and 
in 1945 in a second orchard near Still- 
water. In these orchards there were not 
sufficient trees of different ripening dates 


to operate as in the experiment station 


orchard and, therefore, only records of 
hibernating larvae according to the date 
they matured were obtained. 

In 1942 very poor codling moth control 
was obtained in the Perkins orchard. As 
a result there was a heavy carry over of 
overwintering )arvae and a heavy spring 
emergence of moths in 1948. Late summer 
and early fa)i conditions in 1943 were un- 


usually favorable for continued breeding 
of the moths, resulting in a larger than 


usual number of late September and Octo- 
ber or fourth brood worms. There was 


much better worm control in 1948, 1944 
and 1945. 

In a few cases the apples were not gath- 
ered during the period normally con- 
sidered their best picking time, but since 
this had but slight effect on the final re- 
sults, no attempt was made to make ad- 
justments for such variations. 

Resutts AND Discussion.—The com- 
bined data obtained in the Perkins or- 
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Table 2.—Average number of hibernating larvae per tree, Oklahoma Experiment Station Orchard, 


Perkins, Oklahoma, 1943, 1944 and 1945. 
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1.29 6.74 13.99 





Ave. of early .08 


Ave. of late 8.56 





chard for the three-year period covered in 
this experiment (table 1) show that a 
very small percentage of the total hiber- 
nating population was taken from trees 
maturing by the middle of August. Only 
13 larvae of the total of 2267 hibernators, 
or 0.57 per cent, originated from trees 
maturing fruit by August 15. Since there 
were 3.1 times as many late as early 
varieties, this percentage should be multi- 
plied by 3.1 to equalize the difference in 
the numbers of trees banded giving 1.77 
per cent. 

Table 2 shows the average number of 


hibernating larvae per tree for all groups 
of trees ripening before August 15 was 
0.08 and for those ripening after August 
15 it was 8.56. Translated into terms of 
1000-tree orchards, the relative numbers 
of hibernating larvae would be 80 in the 
early orchard and 8560 in the late. 

Table 3 shows by 5-day intervals the 
percentage of the total hibernating popu- 
lation occurring in each orchard each 
year the experiments were conducted. 
Since we have set mid-August as the time 
when all fruit must be removed from the 
orchard according to the plan proposed, 


Table 3.—Percentage of total hibernating populations collected all orchards. 
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it is interesting to note that only 8.97 
per cent (463 larvae) of the total hiber- 
nating population had entered hiberna- 
tion on August 14. In other words, ap- 
proximately 91 per cent of the hibernat- 
ing population would have been eliminated 
if the apples from all trees had been 
picked by August 15. The smaller per- 
centage of larvae entering hibernation 
by August 14 in the Perkins orchard as 
compared to the percentage hibernating 
in the other orchards is accounted for by 
two factors: 

1. There was an exceedingly large num- 
ber of fourth brood larvae in 1943, and 
during the year no data were taken ex- 
cepting in the Perkins orchard. Had data 
been taken in the other orchards in 1943, 
it is probable that the percentage that 
had hibernated by August 14 would have 
been lower. 

2. Picking was completed earlier in the 
other orchards, which resulted in a small- 
er proportion of hibernating larvae origi- 
nating from late moths. 

It should be remembered that all col- 
lections were made in orchards containing 
a high percentage of fall ripening varieties. 
If only varieties that ripened by mid-Au- 
gust had been present in these orchards 
at the beginning of the season, theoreti- 
cally 8.97 per cent of the population un- 
der the existing conditions would have 
been found. This should have reduced 
the mid-August hibernating population of 
463 to 8.97 per cent of this number or 42 
larvae. Forty-two is but 0.81 per cent of 
the total hibernating population actually 
collected. In other words, the plan sug- 
gested would theoretically reduce hiber- 
nating populations by more than 99 per 
cent. 

Another factor in evaluating the pro- 
posed plan of control is the numerous 
hazards that larvae must undergo during 
hibernation. Throughout the time these 
collections were being made, numerous 
predators were found under the bands. 
Unfortunately, no records were made con- 
cerning their numbers and species, but 
Carabids, Ostomids (adults and larvae), 
Chrysopid larvae, Collops larvae and ants 
of various species were commonly found 
feeding on the larvae. When the larvae 
were placed in pupation sticks and stored 
in jars, it was found necessary to protect 
the jars from ants to prevent complete 
extermination. Since such hazards are 


more intense as long as warm weather 
lasts, it seems highly probable that lar- 
vae entering hibernation in early sum- 
mer would suffer greater mortality from 
predators than the late hibernators be- 
cause they are exposed to such hazards 
over a much longer period of time. 

Still another factor is found in records 
of the relative percentages of emergence 
among early and late hibernating larvae 
taken from the Perkins orchard. From 40 
larvae that matured before August 15, 
17 moths emerged, or 42.5 per cent. On 
the other hand, 1704 moths emerged 
from the 1886 larvae maturing after 
August 15, or 90.03 per cent. While the 
total number of early hibernating larvae 
was low, these records indicate that this 
factor might further reduce the moth 
populations in orchards planted only to 
earlier varieties, 

The writer, with the assistance of his 
colleagues, has compiled a list of factors 
that might tend to counterbalance the 
advantages of the proposed plan. Such 
factors are: 

1. Proximity to other orchards con- 
taining late maturing varieties. 

Late apples in close proximity un- 
questionably would have a distinct ad- 
verse effect. However, Doinikov (1936) 
observed that early varieties separated 
by a distance of 220 yards from later 
varieties suffered much lighter injuries 
than those interplanted with late varie- 
ties, and Isely (1939) shows that early 
fall apples in the same orchard with later 
varieties but planted in isolated blocks 
suffer less injury than the same apples 
interplanted with late varieties. These ob- 
servations, together with studies of flight 
habits of codling moths, indicate that the 
suggested plan would be distinctly ad- 
vantageous even though late apples were 
immediately adjacent. However, in prac- 
tice, it is the writer’s opinion that one 
should attempt to isolate an orchard of 
early apples from late apples by a quarter- 
mile or farther. 

2. Under this plan, a one-generation 
strain of moths might be produced in 
which a high percentage of the first brood 
of larvae hibernated. 

Even though this should occur, the 
problem would still be reduced to the 
proportions now existing in the one-gen- 
eration areas, which certainly would be 
a great improvement over present con- 
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ditions in Oklahoma. On the other hand, 
the writer can see only one reason why 
one-generation strains might build up 
faster in an orchard containing only 
early apples and that is the possibility 
that larvae feeding on nearly mature 
fruits might be more likely to hibernate 
than those feeding on greener fruits. To 
test this theory a count was made of all 
larvae, both transforming and hibernat- 
ing, collected from trees in the Perkins 
orchard maturing fruit before August 15. 
The total was 657 larave, 2.43 per cent 
of which hibernated. The number col- 
lected before August 15 from the later 
trees was 1755, and of these 2.17 per cent 
hibernated. It is improbable that this 
difference is significant. These results are 
in agreement with Isely (1939) who states, 
“* , . records were kept in 1936 and 1937 
of the apple varieties and the time of 
ripening. on the trees from which they 
were collected. No relation was indicated 
between the transformation of larvae and 
the relative ripeness of the fruit on which 
they developed.” 

8. Even though the plan greatly re- 
duced the overwintering population, those 
remaining may constitute a serious prob- 
lem. 

This is a distinct possibility, but the 
evidence available indicates that if the 
theoretical reduction can be achieved or 
even approached, those remaining could 
readily be controlled. Numerous workers 
have published statements to the effect 
that the seriousness of the codling moth 
problem is in direct proportion to the size 
of the first brood. It is self evident that 
the size of the first brood is affected by 
the number in hibernation. This certainly 
is logical; and it likewise is logical to be- 
lieve that the greater the reduction of 
populations, the less the injury. 

Two orchards that support this thesis 
have been observed by the writer for the 
past 3 years. In one of these orchards the 
bearing trees are all of the Yellow Trans- 
parent variety, ripening in late June and 
early July. Although this orchard was 
poorly sprayed two of the three years and 
not sprayed at all the other year, less than 
one per cent of the apples have been 
wormy in each of the three years. 

The other orchard is composed largely 
of early summer varieties, but has late 
July and early August varieties in it. 
This orchard has been sprayed regularly 
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with the dormant, calyx and one-cover 
spray, but in an indifferent manner. In 
this orchard counts of apples at harvest 
in each of the last three years have shown 
less than 1 per cent of the apples injured 
by codling moth larvae. 

Therefore, summing up all the infor- 
mation available, it appears that the sug- 
gested plan would effectively reduce cod- 
ling moths to a pest of minor importance. 

EXPENSE AND PracticaBiLity.—lIt is 
believed that this plan is not only effec- 
tive but is likewise inexpensive and 
practical. The plan is inexpensive if 
adopted before the orchard is set out, 
and is so self-evident that no further 
discussion is required. It is true, how- 
ever, that so far as orchards now in 
production are concerned, it is neither 
inexpensive nor practical. 

The question as to whether or not this 
plan is practical is primarily a_horti- 
cultural problem. Accordingly, the ideas 
expressed in the following paragraphs 
were largely arrived at through discus- 
sions of the problem with the experiment 
station horticulturists, apple growers and 
apple buyers of the state. Needless to say, 
not all were in agreement; but the con- 
sensus of opinion of a high percentage of 
those interviewed was that the plan is 
practical. 

The basic reason for considering the 
plan practical is because earlier apples 
can be produced more economically un- 
der Oklahoma conditions than the later 
varieties, and the earlier varieties nor- 
mally bring higher prices on the market 
than those maturing during the fall. 

The abundant rainfall of the spring 
months furnishes sufficient moisture for 
maturing early apples and since they re- 
quire a minimum of spraying, spray in- 
jury is light. They are exposed for a 
shorter period to insects, hail and wind 
injury and usually are picked before ex- 
treme heat and drouth injury becomes 
serious. 

Late apples are exposed to such hazards 
over a much longer period of time. They 
suffer from lack of moisture during the 
hottest part of the year and are delayed 
in development. Heavy dropping de- 
creases the size of the crop and increases 
the per bushel cost of production. The 
worm control problem necessitates greater 
spray expenses and frequently results in 
spray injury. All these factors detract 
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from the appearance of the late apples 
and affects their market price. Also, hot 
weather is unfavorable for the develop- 
ment of good color in apples. 

Another factor having a definite bear- 
ing on the price of any commodity is the 
quality and quantity of competitive prod- 
ucts offered for sale at the time it reaches 
the market. Oklahoma’s location on the 
southern border of the apple belt is a dis- 
tinct asset in regard to the market situa- 
tion at the time the early apples reach 
the markets. Since the major portion of 
the apples of the United States are pro- 
duced in more northern areas or in higher 
altitudes, most of the competing crops 
come on to the market later than the 
early apples produced in Oklahoma. A 
very small percentage of the total apple 
crop reaches the markets during the sum- 
mer months, and those arriving have 
little, if any, advantage in appearance or 
quality over those produced in the state. 

However, starting in early September, 
a very definite change in the situation oc- 
curs. At this time apples from higher alti- 
tudes and more northern latitudes begin 
arriving on the markets. These apples, 
because of more abundant summer mois- 
ture either from rainfall or irrigation and 
having been grown in cooler climates, the 
resulting better color, shorter growing 
season, and shorter spray schedules, are 
usually definitely more attractive than 
those being harvested in the state at this 
time. Such conditions naturally have a 
depressing effect on the market for Okla- 
homa apples. 

It may be seen that in each of the 10- 
year periods as well as in the average 
for all years, prices follow very definite 
trends. They reach their highest point in 
May because it is at this time they have 
been in cold storage longest. They drop 
rapidly as the new crop begins to appear 
on the market reaching their lowest 
point in September. They then climb 
until the following May. This price trend 
is particularly interesting in that accord- 
ing to the plan suggested in this paper, 
the entire apple crop would be marketed 
in June, July and August, while later ap- 
ples are for the most part marketed in 
September, October and November. 

Records also show that the average 
price for the period between 1911 and 
1940 is 12 cents per bushel higher during 
June, July and August than during 


September, October and November. It, 
therefore, appears that under the plan 
suggested, early apples would-not only be 
produced cheaper but would also bring 
higher prices. 

GroGcraPuic Limirations.—An inter- 
esting question is: Over what area is this 
plan workable? Although much data on 
life histories of codling moths has been 
published very little is in such a form 
that one can determine the percentages 
of the hibernating populations that have 
entered hibernation by any given date. 
However much of the published data 
show that, in general the more northern 
the latitude or the higher the altitude, 
the higher the percentages of the first 
and second brood larvae that enter hiber- 
nation; indicating that hibernation starts 
earlier. Also, the more northern or the 
greater the elevation of any given orchard, 
the later the early apples ripen. Therefore, 
it appears that the period in which apples 
may be produced without producing large 
numbers of hibernating larvae is short- 
ened at both ends as one goes northward 
or higher. As one goes to lower elevations 
or southward from Oklahoma, one soon 
enters an area where apple trees do not 
produce well, presumably because they 
do not have a sufficiently long dormant 
period to enable them to set a good crop 
of fruit the following year. These factors 
indicate that the area where this plan is 
applicable has definite limits. 

SUMMARY AND ConcLusions.—It is 
suggested that the plan of planting or- 
chards in which all varieties are mature 
and harvested by August 15 would greatly 
reduce the codling moth problem in 
Oklahoma orchards. 

Pupation and hibernation records of 
larvae collected from trees grouped ac- 
cording to their date of ripening indicate 
that only approximately nine per cent of 
the total hibernating population had en- 
tered hibernation by August 15, and that 
less than 2 per cent hibernated on the 
trees maturing fruit by August 15. 

The plan is considered inexpensive and 
practical for Oklahoma conditions be- 
cause it costs no more to set out this 
type of orchard and early apples are 
more economically produced and _nor- 
mally bring higher prices. 

The writer is the first to admit that, 
with the present information, the plan 
proposed in this paper is based to a con- 
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siderable extent on theory and that many 
theories fail to work when put to the test 
of practical application. Plans have been 
made and are already under way which 
it is hoped will give more complete in- 
formation than that now available. But 
until, and unless, further information dis- 
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proves that herein presented, it is the 
writer’s belief that the plan of growing 
orchards as outlined above constitutes 
an effective, inexpensive and practical 
method of reducing codling moth to a 
pest of minor importance in Oklahoma 
orchards.—12-18-45. 
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Timing Spray Applications to Control the 
Pecan Nut Casebearer 


W. C. Prerce' U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Nickels (1938) has shown that the ef- 
fective period for applying spray treat- 
ments for the control of the pecan nut 
casebearer, Acrobasis caryae Grote, is 
about one week, beginning when 25 per 
cent of the first-generation eggs present 
have hatched. He found that this period 
can be determined in different localities 
by collecting and observing the time of 
hatching of first-generation eggs found on 
pecan nuts. Observations on the emer- 
gence of spring-brood moths under caged 
conditions and in orchards have been used 
for determining when to begin collecting 
the eggs. 

In an effort to develop a simpler method 
for timing spray applications, studies were 
conducted during the springs of 1943 and 
1944 at and near Brownwood, Texas, to 
determine the relationship of the time 
that different pecan varieties develop re- 
ceptive stigmas and shed their catkins 
to the development of the nut casebearer, 
and to the time that spray should be 
applied. 

FLowerineG Hasits oF THE PECAN.— 
The pecan blooms.in the spring, soon 
after the new shoots push out. The flowers 


1The writer expresses his appreciation for “yo sugges- 


se studies 


tions to C. B. Nickels, under whose “yin ee 
. D. Romberg. 


were performed, and to C. L. Smith and 


are of two types—the conspicuous, long 
catkins, or staminate flowers, and the 
smaller pistillate flowers. Pecan varieties 
are divided into two groups on the basis 
of their blooming habits. In the first, or 
protandrous, group the majority of the 
anthers ripen and the pollen sheds before 
the stigmas of the pistillate flowers are 
receptive. This group includes the West- 
ern Schley, Success, and Nelson varieties. 
In the second, or protogynous, group 
most of the stigmas become receptive 
before the anthers ripen. Common protog- 
ynous varieties are the Eastern Schley, 
Burkett, and Mahan. Shortly after the 
pollen is released the catkins begin to 
drop off, and within a few days they have 
all dropped. During this study these 
stages occurred before the first-generation 
eses started hatching in appreciable num- 
ers. 

EXPERIMENTAL OBSERVATIONS.—Ob- 
servations on the development of the 
pecan nut casebearer were begun in the 
orchard during the period in which over- 
wintering larvae were leaving their hiber- 
nacula on the varieties Burkett, Eastern 
Schley, and Success. The following data 
were obtained: (1) The period during 
which larvae leave hibernacula on these 
varieties; (2) the time of pupation of 
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overwintering larvae collected in the 
field; (8) the time of emergence of spring- 
brood moths; and (4) the time of hatch- 
ing of first-generation eggs collected on 
nuts and examined in the laboratory. 

Observations of blossom development 
were made on pecan trees 11 or more years 
of age grov .ng in orchards. The beginning 
of stigma receptivity in clusters of the 
pistillate flowers was determined by the 
pollen-adherence method (Smith & Rom- 
berg 1941). The time when 85 to 100 per 
cent of the catkins had fallen from the 
trees of three varieties included in this 
study was determined from observations 
and estimates of the percentage of the 
catkins shed at intervals during the shed- 
ding period. 


Table 1.—Cumulative records of emergence 
of 411 pecan nut casebearer moths of the spring 
brood and hatching of first-generation eggs, 
Brownwood, Texas., 1943. 
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CASEBEARER DEVELOPMENT AND BLos- 
SOMING StaGEs.—Records of the emerg- 
ence of spring-brood moths and the hatch- 
ing of first-generation eggs are sum- 
marized in tables 1 and 2. 

Prior to moth emergence in 1943 pollen 
liberation was first observed on Burkett 
and Eastern Schley April 29. Eight per 
cent of the pistillate clusters on Western 
Schley contained receptive stigmas by 


this time. By May 2 receptive stigmas 
were observed on 49.4 per cent of Western 
Schley clusters and 4.0 per cent of Success 
clusters. Receptive stigmas were visible 
on 17 per cent of Success clusters 2 days 
later. By May 10, 95 per cent or more of 
the catkins had dropped from 80 per cent 
of the Burkett trees, from practically all 
Eastern Schley trees, and from about 67 
per cent of the Mahan trees. 

Before moth emergence in 1944 the 
first pollen liberation was observed on 
Burkett on April 28, and 3 per cent of 
the pistillate clusters on Nelson contained 
receptive stigmas by this date. Receptive 
stigmas on 19.2 per cent of Western 
Schley clusters were in evidence by May 
3, and on 12.3 per cent of Success clusters 
by May 6. Observations on May 15 re- 
vealed 95 per cent or more of catkins 
shed from 90 per cent of the Burkett 
trees, froin all Eastern Schley trees, and 
from about 60 per cent of the Mahan 
trees. 

The interval between the first-observed 
date of stigma receptivity on the variety 


Table 2.—Cumulative records of emergence of 
647 pecan nut casebearer moths of the spring 
brood and hatching of first-generation eggs, 
Brownwood, Texas, 1944. 
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Success and the most suitable date to be- 
gin spray applications for the control of 
the nut casebearer was nearly the same in 
both years, being 15 and 16 days. Certain 
other varieties of the protandrous group 
may develop receptive stigmas 3 weeks 
before the time to begin spraying. The 
interval between the date on which 85 to 
100 per cent of the catkins had dropped 
from certain varieties of the protogynous 
group (Burkett, Eastern Schley, and Ma- 
han) and the date to begin the spraying 
was 8 days in 1943 and 4 days in 1944. 
In 1943 the period required for pollen 
liberation and catkin shedding was short. 
The work at Brownwood was supple- 
mented by less extensive observations at 
Comanche and Rising Star. In general 
these observations confirmed those made 
at Brownwood, although in 1944 severe 
injury caused by a freeze on March 28-29 
at Rising Star delayed development on 
the trees that produced flowers. 
CONCLUSIONS AND RECOMMENDATIONS. 
—JIt appears from the data that there may 
be sufficient correlation between the time 
of blossoming stages on certain varieties 
of pecans and the time when nut case- 
bearer eggs are deposited and hatch to 
serve as a basis for determining spray 
dates for the control of this insect. The 
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time at which 85 to 100 per cent of the 
catkins had dropped from the varieties 
Burkett, Eastern Schley, and Mahan 
more nearly indicated the time to spray 
than the time when certain other varieties 
developed receptive stigmas. However, 
the method for determining the beginning 
of stigma receptivity is simple, and it may 
be desirable to use these observations un- 
der some conditions. 

Pending further study, it is suggested 
that the spray applications be timed to 
begin from 4 to 8 days after 85 per cent 
or more of the catkins are shed from these 
varieties. Observations may be made rela- 
tive to the abundance of first-generation 
eggs in the orchard for determining 
whether to begin spraying on the fourth 
or the eighth day. Under conditions in 
Texas the sprays should be applied usu- 
ally during the second week after the 
shedding of 85 to 100 per cent of the cat- 
kins. Approximately 25 trees located in 
different parts of the orchard should be 
used to determine this time. 

It appears possible to substitute other 
pecan varieties of the protogynous group 
for those observed in this study, provided 
the proper adjustments are made for dif- 
ferences in the time of shedding pollen.— 
1-14-46, 
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Azobenzene as an Acaricide and Insecticide 


Rosert C. Harte! 


In the study of synthetic organic chem- 
icals as parasiticides, commercially valu- 
able products may be overlooked because 
of failure to apply them in the proper 
manner to the organisms against which 
they are effective. 

Azobenzene had been known for one 
hundred years before being tested as an 
insecticide. Following the initial testing, 
there was no immediate widespread use 
of this compound because of the failure 
to develop suitable methods of applica- 
tion, and because of the failure to test it 


1 New Products Division National Aniline Division, Allied 
Chemical and Dye Corporation. 


against a wider variety of insect pests. 

Fink & Vivian (1936) reported in a 
short note that they had found azoben- 
zene and substituted azobenzenes to be 
effective in killing mosquito larvae. They 
used a concentration of 1 to 200,000 in 
water, applying the insecticide as a solu- 
tion in acetone. 

Subsequent work in the Bureau of 
Entomology and Plant Quarantine by 
Swingle et al. (1944) showed that a pure 
azobenzene dust applied in the laboratory 
gave good control of certain insects, but 
that it was ineffective against other spe- 
cies. Field tests by Questel et al. (1941) 
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against the European corn borer, Pyrausta 
nubilalis Hbn., gave a 59.1 per cent re- 
duction in borer population .3 against 
93.8 per cent for a standard derris spray 
containing 4 per cent rotenone. 

In spite of the reported indications of 
insecticidal action by the azobenzene 
series, these compounds were not success- 
fully developed commercially until re- 
cently when new types of dusts were made 
available. 

The present paper reports the specific 
action of these azobenzene dusts against 
certain species of insects and arachnids. 
This action is directed against several 
species which have been, in general, 
poorly controlled by commercial syn- 
thetic organic insecticides. Satisfactory 
control was obtained on the following 
pests: 

Colorado potato beetle, Mexican bean 
beetle, eastern tent caterpillar, European 
corn borer, red spider mite. 

Speciric AcTION OF AZOBENZENE.— 
The action of azobenzene against insects 
is not universal. Several species have been 
observed to be highly resistant. Azoben- 
zene has been found to have little effect 
on the squash bug, several species of 
aphids, and the greenhouse leaf tier on 
chrysanthemum. The report by Swingle 
et al. previously referred to also lists 4 
species resistant to azobenzene. 

INSECTICIDAL ACTION OF AZOBENZENE 
Dusts.—The experimental work was ini- 
tiated using the screening test developed 
by H. G. Guy (1937). A 4-inch to 6-inch 
plant of a suitable host species was planted 
in a 6-inch flower pot. A light coating of 
the finely powdered insecticidal dust was 
then applied by means of a small cylinder- 
type hand duster. The plant was covered 
with a tubular glass cage, and 10 field- 
collected insects of the desired species 
and growth stage were introduced. The 
open top of the tubular cage was closed 
by means of cheesecloth, and the experi- 
ment observed for 3 to 7 days. 

By the use of this technique, it was 
demonstrated that a dust containing 10 
per cent of azobenzene in bentonite gave 
excellent control of the Colorado potato 
beetle and the Mexican bean beetle. The 
effect of this dust is shown in table 1. 

Satisfactory control of the eastern tent 
caterpillar, Malacosoma americana Fab., 
was obtained by using azobenzene. Small 
larvae of this species were treated with a 


dust containing 10 per cent of azobenzene 
and 1 per cent of a surface active agent, 
(Nacconol NR), in bentonite.- Twigs sup- 
porting colonies of this insect were dusted, 
and observed for 48 hours. The kill was 
90 per cent. 

An interesting result was obtained on 
a field trial against the European corn 
borer, Pyrausta nubilalis Hbn. A 4-row 
strip was dusted with a 20 per cent azo- 
benzene-80 per cent whiting dust by 
means of a 4-row duster mounted on a 


Table 1.—Action of 10 per cent azobenzene 
dusts (in bentonit#) 
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Colorado 
potato beetle 
Adults 


Mexican 
bean beetle 
Larvae 


7 days 


5 days 


Mexican 
bean beetle 


Adults 3 days 100 





tractor. Two dustings were made 7 days 
apart, early in July, at the rate of 30 
pounds per acre. On a comparative plot 
two commercial insecticides were em- 
ployed. On harvesting, the azobenzene 
treatment gave 62 per cent clean ears 
against 42 per cent clean ears on the 
comparative experiment. 

AcaricipaAL Action.—Good control 
of the red spider mites has been obtained 
in laboratory and greenhouse tests on 
several species of host plants. 

The initial experiment with a dust of 
20 per cent azobenzene in bentonite, 
ground in a Mikro-pulverizer, gave a 100 
per cent kill. This experiment was con- 
ducted in the laboratory on rose twigs 
in vases. Confirmatory tests on carnation 
plants on the greenhouse bench also gave 
good results. The same dust was applied 
to 12 inch carnation plants at approxi- 
mately the customary rate—1l pound to 
400 square feet of bench space. After 4 
days, the kill, by random sampling of the 
leaves, was 98.9 per cent. Mites were 
killed even inside the folded center leaves. 

A good indication of ovicidal action was 
observed, since no small spiders were 
found on the plot during the next 3 weeks, 
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whereas eggs were hatching on an ad- 
jacent plot sprayed with a commercial 
insecticide. 

Further experiments using full-scale 
application of 20 per cent azobenzene-80 
per cent whiting mixtures to carnations 
emphasized the excellent control. This 
mixture has been used in approximately 
10 greenhouses. In each case satisfactory 
control was obtained. 

The reaction of the carnation plants to 
azobenzene has been favorable. No foli- 
age injury has been observed. It has been 
found possible to dust blooming plants by 
making a close flower cut immediately 
before dusting. Under these conditions, a 
few outer petals were browned on some 
varieties. Buds fully covered by sepals 
were uninjured. There was an outstand- 
ing increase in the vigor of the plants on 
which the mites had been destroyed. In 
the first carnation experiment referred to 
above, the treated 12-inch carnation 
plants grew 6 inches more than the un- 
treated plants during the 3-week observa- 
tion period. An improved leaf coloring was 
also observed. 

Greenhouse operators have been par- 
ticularly well satisfied with freedom from 
worker complaints during and following 
the application. The azobenzene dusts 
have a mild, sweet odor, and are applied 
with a minimum of discomfort to the 
operator. 

CONCENTRATION Requirep.—Leaves 
from a plant of Angels Trumpet (Datura), 
badly infested with red spider, were 
dusted with. Mikro-pulverized azoben- 
zene-whiting dusts of various concentra- 
tions. The kills obtained after an ob- 
servation period of 48 hours are shown in 
table 2. 
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Table 2.—Action of azobenzene-whiting 
dusts on the red spider mite 








Per Cent Kini 
in 48 Hours 


Per Cent ConceNTRATION 
oF AZOBENZENE 





20. 100. 
5. 100. 
2. 95.4 
# 94.3 
0.5 80.8 





Fumicatine Action.—The most recent 
modification of the use of azobenzene 
against red spider is the fumigation tech- 
nique developed by Blauvelt (1945). 

Dr. Blauvelt fumigated rose houses by 
the use of a paste of water and a mixture 
of 70 per cent azobenzene-30 per cent 
Celite 209. This paste is painted on the 
cold steam pipes, then the heat is turned 
on to vaporize the azobenzene. The dos- 
age is 1 pound of the 70 per cent mixture 
to 40,000 cubic feet of space. Kills from 
90 to 99.75 per cent were reported for all 
stages of red spider mite including the 
egg stage. This method of application has 
found ready acceptance by the rose 
growers. 

SumMary.—Commercial _parasiticides 
using azobenzene as the active ingredient 
have been developed. These compositions 
like other parasiticides, are specific in 
their action. 

The use of dusts containing 20 per cent 
of azobenzene in whiting or bentonite 
results in the complete control of several 
species of economically important pests. 
These dusts are particularly effective 
against red spider mite and the Mexican 
bean beetle, which have previously been 
difficult to control.—12-5-45. 
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SCIENTIFIC NOTES 


Benzene Hexachloride to Control 
Bugs on Cotton 


W. A. Stevenson and Louis W. Suzets,! U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


In an effort to find a more effective insecticide 
for the control of hemipterous insects that seriously 
reduce the yield and grade of cotton in Arizona and 
other sections of the Southwest, preliminary tests 
with benzene hexachloride (1,2,3,4,5,6-hexachloro- 
cyclohexone) were conducted on the principal in- 
jurious species in cages and in one small field plot 
test. The principal injurious species are the penta- 
tomids Euschistus impictiventris Stal., Chlorochroa 
sayi Stal., and Thyanta custator (F.), and the mirids 
Lygus spp., L. hesperus Knight predominating, 
Creontiades femoralis Van D., and Adelphocoris 
superbus (Uhler), Several other species such as 
Psallus seriatus (Reuter), Dysdercus mimulus Hus- 
sey, and Chlorochroa ligata (Say), are of minor im- 
portance in Arizona. Profitable gains in yields of 
seed cotton from the control of these insects have 
been made over a period of years by the proper use 
of sulfur-arsenicals, (mainly 7.5 per cent paris 
green—92.5 per cent sulfur), but the results have 
been variable. DDT and sabadilla mixtures have also 
proved very promising, but still better control is 
needed, especially for the stinkbugs. The results 
obtained with benzene hexachloride to date have 
been so striking that this progress report is pre- 
sented for the information of others. 

The technical benzene hexachloride was obtained 
from England by the Bureau of Entomology and 
Plant Quarantine. One of the materials used in the 
cage tests was a deodorized product ground with 
gypsum to contain approximately 2 per cent of the 
gamma isomer, which is the principal toxic in- 
gredient of benzene hexachloride. The other con- 
tained approximately 35 per cent of the gamma 
isomer and was ground with talc so that the mixture 
contained about 10 per cent of the gamma isomer. 
Each material was further diluted with pyrophyllite 
to the desired concentration of the gamma isomer 
for some of the cage tests. The benzene hexachloride 
used in the plot test was a nondeodorized unground 
material containing approximately 10 per cent of 
the gamma isomer, which was passed through a 
16-mesh screen and diluted with pyrophyllite to 
contain 1 per cent of the gamma isomer. 

Cacre Trsts.—A small series of cage tests with 
pentatomids and mirids was conducted during July 
and September on the University of Arizona experi- 
mental farm near Mesa. Screen cages, 3 by 3 by 3 
feet, were placed over cotton plants, and 10 insects 
were introduced in each cage. The plants were then 
thoroughly dusted with a plunger-type hand gun at 
an estimated rate of 25 to 30 pounds per acre. Check 
cages were used in each test, and the net mortality 


was calculated by Abbott’s formula. The results are 


summarized in table . 
In other tests the caged cotton plants were 


dusted with benzene hexachloride containing 5 per 
cent of the gamma isomer at varying periods before 
the introduction of the insects to determine the 


residual effect. In one test in which the plants were 
dusted 90 hours before release of the insects, 90 
per cent of the Lygus spp. and 20 per cent of Chloro- 
chroa sayi were dead after 46 hours. Plants dusted 
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Table 1.—Cage tests with benzene hexachlo- 
ride containing different percentages of the 
amma isomer, against pentatomids and mirids, 


esa, Ariz., 1945. 








INTERVAL 
Insects) GAMMA AFTER Net 
Testep Isomer Treatment Morta.ity 
Number Per cent Per cent 
20 1 75 
20 85 
30 100 


20 95 
100 


100 


SpPEciEs 





Hours 
28 
8 
19-43 


8-28 
19-43 


Chlorochroa sayi 

2 
10 
Euschistus 


2 
impictiventris 10 


60 5 


Lygus spp. 


Creontiades 


Semoralis 10 5 15 100 





24 hours before release of the insects showed 100 
per cent mortality of Zygus spp. after 4 hours and 
60 per cent of Chlorochroa sayi after 46 hours. On 
plants dusted immediately before releasing the in- 
sects the mortality of Chlorochroa sayi was 80 per 
cent and of Euschistus impictiventris 60 per cent after 
46 hours. 

Although no tests were made with other in- 
secticides at this time, comparisons with previous 
tests show that the mortalities were considerably 
higher than usually obtained with the sulfur- 
arsenical mixtures and somewhat greater than with 
DDT or sabadilla. In all tests benzene hexachloride 
killed the insects more quickly than did the sulfur- 
arsenical mixtures or DDT. In the tests with Lygus 
spp. all insects that were not dead within one hour 
were on their backs. 

Fretp-PLor Test.—Eight rows of short staple 
cotton 260 feet in length located on the experimenial 
farm of the University of Arizona were used in the 
plot experiment. This cotton had been planted for 
experimental purposes and was exceptionally uni- 
form. Four rows were treated with unground ben- 
zene hexachloride containing 1 per cent of gamma 
isomer, and four were left untreated as a check. 
The dusting qualities of this material were only fair, 
but a very good coverage was obtained with a 
rotary hand gun. The treated plot was dusted four 
times during the season soon after daylight on the 
mornings of July 20, 27, August 3 and 17 at the 
approximate rate of 20 pounds per acre at each 
application. 

_ Population counts made before the first applica- 
tion showed the mixed population of injurious 
Hemiptera to be 15 per 100 net strokes, which was 
the peak reached in the check during the season. 
Unfortunately, the populations in this field were 
lower throughout the season nm are generally 
found elsewhere in the State. These population 
records were continued at weekly intervals until 
September 5 and averaged 4.1 injurious Hemiptera 
per 100 net strokes after dusting was begun imthe 
treated plot as compared with 7.3 in the check. 

The computed final yield was 2297 pounds of 
seed cotton per acre for the treated plot and 1547 
pounds for the check, or a gain of 750 pounds. 

There was no injury to cotton from benzene hexa- 
chloride in any of the tests.—12-5-45. 


1 The authors were assisted by John M. Breazeale. 
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Mosquito Collections at Army Installa- 
tions in the Fourth Service 
Command, 1943 


Stan.ey J. CARPENTER! and Roy W. CHAMBERLAIN? 
Fourth Service Command Medical Laboratory, 
Fort McPherson, Georgia 


Mosquito collections are made weekly at Army 
installations in the Fourth Service Command and 
forwarded to the Fourth Service Command Medical 
Laboratory for identification or confirmation. Sum- 
maries of these weekly mosquito collections for 1943, 
listed by species, seasonal occurrence and localities, 
are shown in tables 1 to 7. 

Four kinds of collections are included: resting 
station, light trap, biting, and larval. In most camps 
natural shelters such as buildings, culverts, bridges 
and hollow trees were utilized in making resting 
station collections. However, artificial shelters in- 
cluding mail kegs, red boxes and specially con- 
structed privy-like buildings were used on several 
posts. The New Jersey light trap was used for all 
trap collections. Biting records include both day- 


1 Major, Sanitary Corps, Army of The United States. 
2 2nd Lieutenant, Sanitary Corps, Army of The United States. 
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time and night-time collections made by either one 
or two collectors using themselves as bait. The larval 
specimens were obtained from designated larval 
stations and also from miscellaneous breeding places. 

Due to the fact that the females of Aédes at- 
lanticus Dyar & Knab and A. tormentor D. and K. 
cannot be separated with certainty, they are listed 
in the tables as A. atlanticus-tormentor. Male speci- 
mens of these two ies were separated by ex- 
aminations of the male terminalia. Adults listed as 
Culex erraticus (Dyar and Knab), C. pilosus (D. and 
K.), and C. peccator D. and K. are males and were 
determined by examinations of the male terminalia; 
they are otherwise listed as Culex (Melanoconion) 
sp. Female and larval specimens of Culex pipiens 
Linnaeus and C. quinguefasciatus Say are listed as 
C. quin-pipiens in areas where both species are 
known to occur. All records of C. pipiens represent 
male specimens determined by terminalia studies. 
Adult records of Anopheles bradleyi King and 
Orthopodomyia alba Baker are based on characters 
given by King et al. (1944). 

The states comprising the Fourth Service Com- 
mand during 1943 were Alabama, Florida, Georgia, 
Mississippi, North Carolina, South Carolina and 
Tennessee. 


Table 1.—A summary of mosquito collections at army installations in Tennessee during 1943. 








Monrtus or CoLLectTION 





SpeciES Adults Total 


Larvae Locauitigs oF CoLLections! 





AEDES | 
aegy ptt 
canadensis May, 
cinereus April, ae ay 
dupreei July 
sticticus a uly 
triseriatus y—-Oct. 


verans April-Nov. 
ANOPHELES 
barberi 


Sept., Oct. 


May-Aug. 
June—Aug., 
April—-Nov. 
April-Nov. 
May-Nov. 
June—Oct. 
May-Dec. 


cructans 
punctipennis 
a 


apicalis 
erraticus 
(Mel.) sp. 


peccator July—Oct. 
pipiens June—Nov. 
quinquefasciatus a 
quin-pipiens ay—Dec. 
restuans April-Dec. 
bore April-Nov. 
tarsalis Aug—Nov. 
CULISETA 
tnornata Mar.—May, Oct., Nov. 
melanurt June, July, Sept.-Nov. 
MAN oe ve A 
June, Sept. 


0 THOPODOMY IA 
rSUnbPHORA 
June—Oct. 
coe May-Oct. 
cyanescens July-Sept. 
discolor May-Oct. 
Sferoz May-Oct. 


howardiit May, June 
URANOTAENIA 
sapphirina 


July, Aug. 


May-Nov. 


Sept. 
Mar., April, Oct. 


April, May 
7 pi sy Sept. 
ar—Oct. 


May 
June—Aug. 
May-Oct. 
July—Oct. 


April—Oct. 
June—Sept. 
July, Aug. 


nigripalpus Aug. 
Sept. 


May-Dec. 
April—-Dec. 
Mar., May—Nov. 
Oct. 


Mar.—May, Oct. 
Oct. 


June-July, Sept., Oct. 


June—Oct. 
May-—Oct. 
Se 


pt. 
May-Sept. 
May-Sept. 
May-July, Sept. 


hl eel) 

ey 
a8 
@ 


: 
tT? 
Cea 

~ 


| 
o 
oe 


age | 
no 


CO et ee ee is es Eo eee 
& DOD 


+ 
oe 


j 


yi hy ae 
bdodd 


co = i 
oss 
2 om wwe Se 


|- 
Deore 


June-Aug. 





Total 





1 Locations where collections were made: 


1. Dyersburg AAB, Dyersbur; 
@. Camp Forrest, Coffee and Franklin Counties 
8. Kennedy General Hospital, Memphis 
4. Memphis Municipal A , Memphis 


5. Nashville AAC, Nashville 

6. Second Arm my Headquarters, Memphis 
7. Smyrna AAF, Smyrna 

8. Camp Tyson, Paris 





February 1946 
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Table 2.—A summary of mosquito collections at army installations in North Carolina during 1943. 








Monrtas or Co.tuectfon 


- 





SPECIES 


Adults 


Larvae Locauit1gs or CoLLecTIons! 





AEDES 


verans 
ANOPHELES 
atropos 
barberi 
bradleyi 
crucians 
georgianus 
punctipennis 
quadrimaculatus 
walkeri 
CULEX 
apicalis 
erraticus 
(Mel.) sp. 
peccator 


pilosus 


pipiens . 
quinquefasciatus 
quin-pipiens 
restuans 
salinarius 
CULISETA 
tnornata 
melanura 
MANSONIA 


urbans 
MEGARHINUS 
s 'rionalis 
ORTHOPODOMYIA 
signifera 
PSOROPHORA 
ciliata 


confinnis 
dise 


cart 
URA NOTA ENIA 
lowti 
sapphirina 
WYEOMYIA 


smithit 


Nov. 
May-Aug. 
Jan., May—Oct. 
May-Oct. 
July 
July—Sept. 
June-Aug. 
poe ena 
ug. 
Ma; -Nov. 
June, July 


May-Nov. 
May, June 


May-Sept. 
April-Nov. 


June—Aug. 
June, Aug.—Oct. 
May-July, Oct. 
May-Dec. 

Jan., May—Dec. 
Jan., May—Dec. 
Aug. 

Jan., Mar.—Dec. 
June, Aug.-Nov. 


Jan., Mar., May—Dec. 
—Oct 


Aug. . 


pt. 
Jan., June—Dec. 


M 
Jan., Mar., May—Dec. 


Jan., April—Dec. 
M a 


ar.— 


Mar., June, Oct.—Dec. 
Mar.—Dec. 


ar.—Dec. 
May-Oct. 
July 
Aug., Sept. 
June-Sept. 
May-Oct. 
June—Sept. 
May-Sept. 
July, Aug. 
July, Aug. 
July—Aug. 
May-Nov. 


June, July, Aug. 


~ 
- 


Apeii’ Sept 

Sept. 

May, June, Aug., Sept. 
Mar.-Sept., Dec. 


Shey 
r Bae 
2 29 
oS 2o@ 


July 


Ow wna 
# 
a 
§ 
@ 


April, May 
June 

Mar.-Sept. 
Mar.-Nov. 


ye 
st 
C) 


cr 
- 


2, 3, 5, 6, 9 
1-6, 8, 9 


1, 2, 4-7, 9 


Mar.-Sept., Nov. 


May-Sept. 
May-Sept. 
June 

May-Sept. 


May-Sept. 


41 
932 
2 
38 
85 


1 
75 


June 
June—Oct. 


Mar., May, June, Nov. 15 





Total 


15,686 





1 Locations where collections were made: 


1. Fort Bragg, gee hee 


2. Camp Butner, 


rham 


8. Camp Davis, Wilmington 
4. Greensboro AAF, Greensboro 
5. Laurinburg-Maxton AAB, Maxton 


Table 3.—A summary of mosquito 


6. Camp Mackall, Hoffman 

7. Moore General Hospital, Swannanoa 
8. Seymour Johnson Field, Goldsboro 
9. Camp Sutton, Monroe 


collections at army installations in South Carolina during 1943. 








Montas or CoLLectTIon 





SpEciEs Adults 


Total Larvae Total Locatities oF CoLLections! 





AEDES . 
pt Ad 
atlanticus 
atlan-tormentor 
canadensis 


Aug. 
May-July, Oct, 
May-Nov. 
Mar.—Nov. 


July-Nov. 
July—Sept. 
April-Dec. 


dupreet 
fulvus pallens 
infirmatus 


8, 12 

1, 8-10, 12, 13 
1, 8-10, 12 

4, 6, 8-12 


9-11 
8, 9, 12 
1, 4, 9, 12 


June-Sept. 
Mar.—June, Aug., Sept., 
Dec. poe 

Sept., Oct. 


woe 


87 
175 


3 
44 
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Table 3—South Carolina (continued) 
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Monrtss or CoLLection 





Species 


Adults 


Total 


Larvae 


Total 


Locauities oF CoLLections! 





mitchellae Mar.-Nov. 


sollicitans 
— hynch 
taenior: us 
thibaulls 
tormentor 
triseriatus A 
verans 
ANOPHELES 
atropos 
barberi | 
bradleyi 
crucians 
georgianus 
netipennis 
oe Sava us Api 
CULEX 


apicalis Mar.—Dec. 
erraticus June—Dec. 


ay 
May-Nov. 
May, June 
ar.—Dee. 
May, June 
Oct. 


A te 
1 . 
in lien. 
April-Dec. 
il-Dec. 


April-Nov. 


558 
4,202 
3 


4,118 
12 


35 
5,957 


July—Oct. 
June-Sept. 


July—Oct. 


Aug. 
oe June-Oct. 
ar.— 


Dec. 


June, Nov. 

ag orl 
ar.—Dec. 

April, June—Dec. 
ay-Sept., Nov. 


Mar.—Dec. 
June-Nov. 


35 
22 


1, 2, 5, 8-13 
1, 5, 8-10, 12 
2 


1 
1, 4, 5, 8, 9, 12 


» 2, 4-6, 8, 9, 11, 12 
2, 4-13 


’ BR hark Boke ee 
a 
~ o 


i: 
rw 


July, Sept. 
May, ioe. Sept., Nov. 


Oct. 


June-Nov. 


(Mel.) sp. April-Dec, 
nigripalpus Aug.—Oct. 
peccator July-Nov. 
pilosus 


Aug.—Oct. 
pipiens 
quinguefasciatus 


Aug.—Dec. 
June-Dec. 
quin-pipiens 
restuans 


July—Dec. 
salinarius 


Mar.—Dec. 
Mar.—Dec. 
tarsalis 
CULISETA 
tnornata 


Nov. 
Mar., April, Sept.—Dec. 
melanura 
MANSONIA 


Mar.-June, Aug.—Dec. 
urbans 
MEGARHINUS 


April-Oct. 
rionalis 
OR! HOPODOM YIA 
signifera 
PSORDPHORA 
ciliata 
confinnis 
cyanescens 
discolor 
feroz 
howardit 
vari 
U RA No: TAENIA 
lowtt Oct., Nov. 
sapphirina May-Nov. 
wYEOM YIA 
smithti 


SO FO 2D rat pt rat 
SO we 
a 


. 
—— 


ppee 
$roPe 
a 
F Pe 
“ 


Pt bt et AD et 
= 
7) 


-_“ S 
OC) 


. 
. 
2 


Mar.-Sept., Nov., Dec. 


¢ 


- 
» DO 
. 

- wm OO 
2 
a AS 
. 

Om 


- 


_ Aug.—Oct. 
April-Nov. April, July—Oct. 
June—Oct. June-Sept. 


May-Oct. May-Oct. 
July 1 


xs Ss = 


, 11,12 


. 
- - 


. 


Ro 
B as 
af 
ie 
7) 


April, June—Oct. 
July-Sept. 


DP pt > CO pat pet 
: 
«© 


Aug. 

April-Nov. 

July-A 
uly—Aug. 
uly 


—_ 
—-~ ao - 


J 


OS Se 
Seo © 


_— 
* 


May, July—Oct. 26 
Mar., Oct. 9 
6,503 


foo] 





Total 


1 Locations where collections were made: 


. Charleston AAB, Charleston 

. Columbia AAB, Columbia 

. Congaree AAF, Congaree 

. Camp Croft, Spartanburg 

. Georgetown 144th Infantry, Georgetown 
. Greenville AAB, Greenville 

. Greenwood AAB, Greenwood 





. Fort Jackson, Columbia 

\ eaete Seas hie ft Og Beach 

. Ora urg 58t ,O 

: Shaw Fiel , Sumter news 
. Stark General Hospital, Charleston 

. Walterboro AAB, Walterboro 


Table 4.—A summary of mosquito collections at army installations in Georgia during 1943. 








Monrtas or CoLLectTion 
Total Larvae 





Adults Locatitres oF CoLLections! 





* 


July, Sept. 21 July 
May-Aug. 297 = June-July 
April-Sept. May 
arch—-Sept. June—Aug. 
amare pt. 
uly—Aug. 
July—Sept. 
March-Nov. 
April-Sept. 


——— 


April-Sept. 
Feb.-Nov. 


7, 9-12, 14, 18 
4, 18 
7, 8, 14, 16-18 
, 14-18 


$ L 
Ss 
—_ 


. 

| 
= 
> 


20 ms 2 0 60 


4, 16, 17 
» 8, 10, 14, 16-18 


3, 14, 18 


- 
- 


March, July, Aug. 


2s 
- 
er Qe -_a 


NAP DP 


on 
—_—S = 
_ 


1, 12, 14, 16, 18 


FS U0 E 


Feb.—April, June—Aug. 
Jan.—Oct. 


- 
12 
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Table 4—Georgia (continued) 








SpPEcIES 


Monrus or CoLuectTIon 





Total 


Larvae 


Locaities OF COLLECTIONS 





ANOPHELES 


salinarius 

tarsalis 
CULISETA 

tnornata 


melanura 
MANSONIA 
urbans 
= es 


oR NOPODOM YIA 
rsgnoPiona 
on 


ye ed 
iscolor 
ferox 


howardii 
vari 
URANOTAENIA 
ii 
sapphirina 


June 

May, July, Sept. 
May 

Jan.-Dec. 


Jan.—Dec. 
Jan.—Dec. 


Feb.—Dec. 
June—Nov. 
Jan.— 

Pe June—Dec. 
July—Oct. 


July-Oct, 
July 
Jan.—Dec. 
July 
Jan.—Dec. 
Jan.—Dec. 
Sept., Dec. 


Jan.—Apri!, June, Oct., 
Nov. 

March-Nov. 

April-Oct. 

June 

June, July, Oct. 


May-Oct. 
May-Oct. 


ay 
Aug., Oct. 
July—Aug. 


April-Dec. 
July, Au 
an. i 
Jan.-Nov. 
Feb.-May 


Jan,—Dec. 


June-Sept. 
March, May-Nov. 


May-Sept. 
April-Sept. 
ay, June 
Mae i 
March, May-Sept. 
June 


u 
May-Sept. 
June 


April-Oct. 


14 
2,9, 14 


1-14, 16-18 

2, 5-7, 10, 13, 18 

1, 2-16, 18 

1, 2, 4-8, 10-14, 16, 18 


2-16, 18 

1-8, 10, 12-14, 18 

1- 10, 12-14, 16, 18 

1-10, 13, 14, 16-18 

2, 5-8, 10, 13, 14 

$4, 6-8, 10, 12-14, 17, 18 
1 


1-18 

ll 

2, 4-18 
1-10, 12-18 
14, 18 


2, 4, 7-10, 12, 14, 18 

2-5, 7-10, 13, 14, 16, 18 
1-4, 6-8, 10, 12, 13, 16-18 
7,18 

2, 5-9, 14, 18 

1, 2, 4, 6-10, 13, 14, 17, 18 
1-4, 6-17 

2, 4, 11, 13, 14, 16, 18 
1-+4, 7, 9, 10, 16, 18 

2, 4-11, 14, 17, 18 

1, 2, 11 

2, 4, 7-10, 13, 14, 18 

2, 16, 18 


16 
2, 4, 8, 9, 14, 18 
1-5, 7-10, 12-14, 18 





Total 





1 Locations where collections were made: 


pg So ana tae Rome 
. Fort Benning, Columbus 

. Chatham Fie ld, Savannah 
Cochran Field, Macon 

Daniel Field, Au ‘ 

. Finney General Hospital, Thomasville. 
Camp Gordon, Augusta 

Hunter Field, Savannah 

. Fort McPherson, Atlanta 


Sra enern coy. Valdosta 
aad — Tioga A Augusta 


—. p Stewart  Hinsvil 
. Camp Toccoa, Ti 
. Turner Field, meg 
. Waycross AAB, we 
. Camp Wheeler, Macon 


SENS KP LeE 


Table 5.—A summary of mosquito collections at army installations in Alabama during 1943. 








Monrus or CoLLEecTion 
Total Larvae 





Adults Locauiti1zs or CotLections! 
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Aug. 
June, July 
> » May, Sept., Oct. 
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July, Sept. 
June, Sept. 
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Mar., July, Sept. 61 
April 1 
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Table 5—Alabama (continued) 
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Montus or CoLLection 














Spectss Adults Total Larvae Total Locauities oF CotLections! 
CULEX 
apicalis Jan.—Dec. 116 = Jan.—Dec. 2,157 1, 2, 4, 5, 7-13 
erraticus April, June-Nov. 80 May-Oct. 348 1, 2, 4, 5, 7, 8, 10-13 
(Mel.) sp. Feb.—Dec. 547 1-5, 7-9, 11-13 
nigripalpus Aug.—Nov. 24 Sept., Oct. 104 1, 2, 7, 10, 11, 12 
peceator July-Nov. 23 u 1, 2, 4, 5, 7, 8, 12 
pilosus July, Aug., Nov. 5 July, Sept. 5 1,9, 1 
pipiens July, Aug. 7 12 
quin-pipiens July, Sept. 40 150 12 
quinquefasciatus an.—Dee. 12,555 Jan. * Feb., April-Dec. 38,913 1-5, 7-18 
restuans Feb.—Dec. 584 —Dec. 5,153 2-5, 7-13 
salinarius April-Dec 261 Mon Oet. 286 1, 2, 4, 5, 7-13 
tarsalis Sept.-Nov. 8 4, 8,1 
CULISETA 
tnornata Jan.—May, Sept.—Nov. 24 Mar., Web. Oct. 38 2, 7, 8, 10, 11, 12 
melanura June—Dec. 19 Jan., Fe May, July, 91 . 2,5,7,9,1 
Aug., 
MANSONIA ; " 
: perturbans April-Sept. 69 2, 4, 7, 11, 18 
titillans Sept. 1 
oR! smeronom YIA : i 
ries May, June, Sept.—-Nov. 5 Feb.—April, June, July 95 7, 8, 11, 12 
PSOR 'PHORA 
ctliata May-—Oct 34 May, July, Sept. 18 1, 2, 3, 7, 8, 10, 12, 13 
confinnis May-Oct. 1,858 iul-Sept. 542 2-5, 7-18 
qqenanmne May, July-Sept 21 os 2 8$,7,8, 9,12 
, fay—Oct. 153 May, July 9 7, 8, 9, 3 
Serox April, June—Aug. 39 July, Sept. 2 1, 2, 7, 8, 9, 11, 12, 18 
horrida ay—Aug. 35 7, 12, 13 
howardii une 1 June, Sept. 6 2, 8, 10 
Ly 7 ay 7 7 
URANOTAENIA 
lowit Aug., Sept 2 7,12 
sapphirina ay~Oct. 219 July—Sept. 25 1, 2, 7-13 
Total 24,000 19, 282 





! Locations where collections were made: 
1. Aliceville Internment Camp, Aliceville 
2. Brookley Field, Mobile 
8. Courtland AAF, Courtland 
4. Craig Field, Selma 
5. Gunter Field, ny al 
6. Huntsville Arsenal, ntsville 
7. Maxwell Field, Montgomery 


Table 6.—A summary of mosquito collections at army installations in Mississippi during 1943. 


8. Fort McClellan, Anniston 


9. Napier Field, Dothan 


10. Opelika Internment C Camp, Opelika 


iu. Camp Rucker, O: 
1 
18. Tuskegee AAF, T 


Camp Sibert, Attala St. Clair and Etowah Counties 
uskegee 








Montus or CoLLecTION 



















SPECIES Adults Total Larvae Total Locauitres oF CoLuections! 
Aspe ' July-N $1 J Jul t 55 = 4, 7-12, 14 
aegyptt uly—Nov. an., July-* ° , 7-12, 14-16 
clloutions June, Aug., Oct., Nov. 10 ~— April, Aug., Sept. 95 7,9, 14,15 
atlan-tormentor June-Aug., Oct., Nov. $1 2, 7-9, 14, 15 
yoo Mar.—June, Sept., Oct. 63 Jan.—April, June—Sept. 954 2, 4, 5,7, 12, 14-16 
June, Sept., Oct 9 Aug. F233 
jul jee gallons July 1 2 
April, June, Aug.—Oct. 35 7-9, 12, 16 
ie ar., June—Oct., 49 Mar., July, Sept. 83 7-9, 11, 15 
sollicitans May-Oct., Dec. 3,504 Ju y-Nov. 197 » 7, 9, 15 
sticticus Mar.—June 248 April 2 2,4, 5,8, 10, 12, 14, 15 
taeniorhynchus June—Oct., Dec. 366 July—Oct. 203 «1, 7-9, 15 
thibaults April-June 12 2,4,1 
triseriatus April—-Oct. 81 Jan.—Dec. 565 1, 2, 5, 7-9, 11, 12, 15, 16 
verans April—Dec. 8,951 Jan.—Dec. 3,082 1-1 
ANOPHELES 
atropos June~Aug., Oct.—Dec. 37 July 21 =7,9,15 
barberi Mar., May—Aug. 14 June—Aug. 7 2, 5,9, 19, 15, 16 
bradleyi April—Sept., Nov. 52 June-Sept. 95 79 
crucians Jan.—Dec. 1,709 Feb.—Dec. 286 1-5, 7-16 
georgianus Mar.—Sept., Nov. 83 9, 11, 15 
punetipennis Jan.—Dec. 1,470 Jan—Dec. 2,307 1-16 
quadrimaculatus Jan., April—Dec. 19,481 Feb., May-—Nov. 982 1-16 
walkeri June 15 
CULEX 
apicalis Mar.—Dec. 519 Jan.—Dec. 2,850 1-16 
erraticus May-—Dec. 875 May-Nov. 820 1-16 
(Mel.) sp. Jan., Mar.—Dec. 6,756 Aug. 2 1-16 
nigripalpus June—Dec. 391 Aug.-Nov. 1051, 2, 6-9, 13-15 
peccator April-Dec. 128 June—Sept. 63 = 1, 2, 5, 7, 8, 10-16 
pilosus July—Oct. 16 Sept.—Nov. 35 «2, 7, 9, 11, 15 
pipiens Sept., Oct. 15 3 
quinguefasciatus Jan.—Dec. 21,522 Jan., Mar.—Dec. 6,971 1-16 
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Table 6—Mississippi (continued) 
Monrtus or CoLLecTION 
Species Adults Total Larvae Total Locauitrzs or CoLLecTiIons! 

quin-pipiens Aug. i. 488 Aug.—Oct. 348 8 

restuans Jan.— 2,296 Dec. 7,841 1-16 

poe a Feb ‘Dee. 2,421 Feb.-—Dec. 1,035 1-15 

Sept.-Dec. 57 = Oct, Nov. 5 1, 3-9, 11, 12, 14-16 

Cc ULISE TA 

inornata fom —June, Sept.—Dec. 2,896 Jan.—April, Oct.—Dec. 482 2-4, 6,7, 9, 12, 14-16 

melanura Jan.—Dec. 78 Gate a. in Mar Aes 7 117s 2, 8, 7, 9, 10, 12, 14-16 
MARGGNIA é 

Bani April-Oct. 46 1, 2, 5, 7, 9, 10-16 
Mi GARHIN snot 8 May-July ag 

3 lp 4 214,15 
oR’ HOPODOGMYIA 3 ow fa meee = 
une, July, Sept.—Nov. 1 an.—Sept. 258 2@, 3, 5, 7, 9, 12, 14-16 

PSOROPHORA eR Ios 

ciliata May-Oct. 25 April, Yea 77 ~=1-8, 5, 7-10, 12-16 

confinnis June-Nov. 2,302 = April-Oc $,621 1-16 

cyanescens ma Sept., Oct. 21 July, Sept. ll 2, 8, 5,12, 14 

discolor 384 April-Sept. 181 1-5, 7-15 

ferox ASLO. 430 ar.—Sept. 138 1-5, 7-9, 11-16 

horrida amd June, July 55 @, 5, 9, 12, 14-16 

howardit 11 April-Sept. 83 2, 5, 8, 12-16 

varipes Agel, = a 145 2, 5, 7, 11, 13-16 
URANOTAENIA 

lowit | June—Nov. 1,982 Sept.-Nov. 9 1-8, 7, 9, 11, 15, 16 

sapphirina ar.— 1,767 April-Oct. 106 «1-16 
Total 76,743 34,176 





1 Locations where collections were made: 


1. Clinton POW Camp, Clinton 
2. Columbus AAF, Columbus 
8. Como POW Camp, Como 

4. Greenville AAB, Greenville 
5. Greenwood AAF, Greenwood 
6. Grenada AAB, Grenada 

7. Gulfport AAF, Gulfport 

8. Jackson AAB, Jackson 


9. Keesler Field, Bion 
10. pee re Meridian 
11. Laurel AA. urel 


12. Camp Mee Grenada and Montgomery Counties 


13. Mississippi Inst. of 


Aero., J 


14. Milesieneys | Ordnance Plant, Flora 


15. Camp S: 
16. Camp Van 


, Hattiesburg 
rn, Centerville 


Table 7.—A summary of mosquito collections at army installations in Florida during 1943. 








Montus or CoLLection 








SpPEcIEs Adults Total Larvae Total Locauitigs or CoLtiections! 
AEDES 
aegypti Feb., Mar., June, Aug.—Sept. 18 June—Sept. 89 5,7, 8, 16, 20, 29, $1, 41, 42 
nticus May-Oct. 100 Mar., May-—Nov. 248 2, 5,7, 8, 15, 16, ys 20-22, 28, 29, 
31, 33, 35, 45, 
atlan-tormentor April—Dec. 1,244 Aug., Sept. 10 «1,2, 4, 5, mA 15, 6, * 20, 22, 24, 
27-33, 35, 39, 
canadensis Feb.-Nov. 92 Jan.—Sept., Dec. 320 = 5, 7, 15, 20, 28, 29, 30, 41, 45 
dupreet July—Oct. 10 1, 4, 15, 29, 38 
fulvus pallens June—Aug. 8 4, 7, 18, 1 
infirmatus Mar.—Dec. 3,320 Mar., June—Sept., Nov., 44 1-5, 7, 8, 13, 16, 19, 20, 22-31, 33. 
Dec. 35, 38-41, 43, 4 
mathesoni Sept.—Nov. 2 25, 39 
mitchellae Jan.—Dec. 3,299 Jan.—Mar., May-Sept. 262 2, 4, 5, '7, 15, 16, 18, 20, 22, 25, 28, 
29, 31, 33, 35, 38, 39, 41, 45 
sollicitans Jan.—Dec. 2,951  Jan., Mar., May-Sept. 106 2, 4, 5, 7, 15, 16, 18, 20, 22, 28, 33 
35, 39, 41, 42, 43, 45, 46 
sticticus Feb.-May 74 15, 29 
taeniorhynchus Jan.—Dec. 63 ,823 Jan.—July, Sept. 444 2-8, 10, 15-22, 25, 26, 28, 30-35, 
38-43, 45-47 
thibaulti April 1 29 
triseriatus ar.—Oct. $3 Jan., June—Sept. 82 4,5,7, 11, 14, 15, 22, 27, 29, 39, 45 
verans Feb.-Dec. 4,800 Feb. July, Sept., Nov. 295 2, 4, 5, 7, 8, 11, 15, 16, 18, 20, 22, 
27-29, 31, 33, 38, 39, 41, 45 
ANOPHELES 
atropos Feb.—Dec. 1,195 Mar., May—Aug. 55-2, 5, 7, 16, 18, 26, 28, 31, 33, 43, 45 
barbert Mar., April, Oct. 3 29, 31, 45 
bradleyi May-—Dec. 148 Oct. $ 25 5, 33, 43, 45 
cructans Jan.—Dec. 29,730 Jan.—Dec. 9,082 1-41, 43-48 
georgianus Jan.—April, June—Dec. 115-1, 5, 7, 20, 24, 37 
punctipennis Jan.—Dec. 134 Mar.-Aug., Oct.~Dec. 94 1,4, 5,7, 8, 11, 15, 16, 20, 22, 24, 
27, 29, 32, 33, 36, 37, 40, 45, 47 
quadrimaculatus Jan.-I ,879 Jan.—Dec. 907 1-23, 25-35, 37-40, 43-47 
walkeri Jan., Feb, ., April-July, 27 4, 22, 28, 29, 31, 33 
Sept. -Dec. 
CULEX 
apicalis Jan.—Dec. 299 Jan.—Dec. 744 1,4,5,7, 11, 12, 15, 16, 20-22, 24, 
25, 27-30, 33, 35, 38, 41, 43, 45, 
48 
erraticus Jan., April-Dec. 946 Jan., Mar.—Dec. 1,387 1-5, 7-9, 11, 12, 14-23, 25, 27-40 
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Table 7—Florida (continued) 


Vol. 89, No. 1 








Species 


Monrtas or CoLLEecTion 





Adults 


Total 


Larvae 


Locauit1es or CoLLections! 





(Mel.) sp. 
nigripalpus 
peccator 
pilosus 


quinquefasciatus 
restuans 


salinarius 
tarsalis 
CULISETA 
tnornata 
melanura 
DEINOCERITES 
cancer 
MANSONIA 
ns 
titillans 
MEGARHINUS 
oTHOPOD: 
ORTHOPODOMYIA 
PSOROPHORA 
ciliata 


confinnis 


discolor 


Seroz 


howardit 
URANOTAENIA 
lowti 


sapphirina 
WYEOMYIA 

mitchellit 

vanduzeet 


Jan,—Dec, 


Jan.—Dec. 
June—Oct., Dec. 


Mar.—Dec. 


Jan.—Dec. 


Jan.-Dee. 

Jan.—Dec. 

Sept., Nov., Dec. 
Jan.—May, Oct.—Dec. 
Jan.—Dee. 


Mar.-Sept., Nov., Dec. 


Mar.—Nov. 
June—Dec. 


April, Oct., Dee. 
Mar.—Oct., Dec. 
Mar.-Dec. 


June 


May-July, Sept. 


Mar., April, June-Oct. 


July, Aug., Oct. 
Jan.—Dec. 
Jan.—Dec. 


May, June, Aug.—Oct. 
Mar.-Oct. 


36, 325 


41,389 
77 


2,178 
8,156 
409 


6,829 
8 
770 


11 
347 


17 
4,462 
6,871 


70 
163 


Jan., Feb., April, June, 
July, Oct. 

Jan— 

June-Nov. 


April-Dec. 


Jan—Dec. 
Jan.-May, Aug.-Dec. 


Jan.—Dec. 


Jan.—Mar., Nov., Dec. 
Jan., Feb., April-Dec. 


Sept. 


July—Dec. 
Sept.—Nov. 
July, Oct. 
Mar.-Sept. 


Jan.—Nov. 


June 
Mar., June, July, Nov 


May, June, Sept., Oct. 
Jan., Feb., April-Dec. 
Jan.—Dee. 


1-35, 37-41, 44-46 


1-11, 13-31, 33-47 
1, 5, 7, 8, 15, 16, 20, 29, 31, 33, 35, 
4 


5 
os, 7, 8, 11, 12, is-18, 20-23, 25, 
27-33, 3. ° .J 45—4 


1-5, 7-35, 38-43, 4 

4, 5, 7,8, 11, 15-17, 19, 20, 22, 25, 
27-29, $3, 35, 38, 39, 41, 45 

1, 2, 4, 5, 7-9, 1i, 15, 16, 18-28, 25, 

29 —29, 31, 33-35, 39-42, 45, 47 


5, 7, 15, 16, 18, 20, 22, 28, 29, 31 
5 


33, td 
2-5, 7-9, 11, 15, 16, 19-22, 24, 25, 
= $1, 33-35, 37-39, 41, 44, 


8, 33 


1-5, 7, 8, 11, 14-22, 24, 25, 27-29, 
31-35, 37, 39, 45-47 
4, 8, 16, 22, 31, 88 


7 
5, 7, 10, 27, 29, 45 


1, 2, 4, 5, 7-9, 12, 15, 16, 20, 22, 25, 
, 30, $1, 33, 38, 39, 41, 43, 45, 
46, 48 
— 7-23, 25-39, 41-43, 45-48, 


5, 15, 18, 21, 22, 29 

1, 4, 7, 12, 13, 15, 16, 19, 20, 22, 23, 
25, 28-31, 33, 37-41, 43, 46, 47 

4, 8, 20, 21, 29, 31 


2, 4, 5, 7, 8, 15-22, 27, 28, $1, 33, 
35, 36, 39, 41, 42, 45-47 

1-9, 11, 14-23, 25, 27-29, 31-39, 
41, 42, 45, 47 





Total 


$11,329 





1 Locations where collections were made. 


z Alachua AAF (AAFTAC), Alachua 
icola, Apalachicola 
. Apopka Unit (AAFTAC), Apopka 
4. Avon Park Bombing Range, Avon Park 
5. Fort Barrancas, Pensacola 
6. Bayport Unit (AAFTAC), Bayport 
7. Camp Blanding, Starke 
8. Boca Raton Field, Boca Rato: 
9. Brooksville AAB (AAFTAC), "Brooksville 
10. Dockingbos AAF 
If, Bushnell AP and Unit "TAAETAC), Bushnell 
12, Cross City AAB (AAFTAC), Cross City 
18. Crystal River Unit (AAFTAC), — River 
14. Dade City Unit (AAFTAC), Dade C 
15. Dale Mabry Field, Tallahassee 
16. Drew Fiel | Tampa 
17. Dunnellon AP (AAFTAC), Dunnellon 
18. Eglin Field, Pensacola 
19. Eustis Unit (AAFTAC), Eustis 
20. Camp Gordon Johnston, Carrabelle 
21. Gotha-Minorville Unit (AAFTAC), Gotha 
22, Hendricks Field, Tore | 
23. Kent Unit (AAFTAC), Kent 
24. Keystone Heights AP (AAFTACG), Keystone Heights 


. Kissimmee AP (AAFTAC), Kissimmee 
. Largo Unit Army daa 


" Mscbill Feld 


. tienna AB, Ma 
‘i + pal me AP eas 'AC), Montbrook 
- Morrison Field, ‘alm Beach 

: Mount Dora Unit (AAFTAC), Mount Dora 


* Camp Murphy, West Palm Beach 
+ Como Merve Piet 


* Orlavista Unit (AAFTAC), Orlavista 
. Pasco Unit (AAFTAC), Pasco 
. Perry AAB, Perr. 


is (AAPTA ), Leesburg 


Instls., Orlando 


AP (AAFTAC), Pinecastle 


. Pinecastle 

q Plant City Unit (AAFTAC), Plant City 
. St. Augustine 

. St. Petersburg Army 
. Tarpon S 
. Trenton 


tion Gon Aree. St. Augustine 
St. Paes ur; 
iprings Unit RGAFEAG), ‘arpon Springs 
Orit art weg’, ¥ Trenton 
Tyndall ie es 
en 


. Venice AAB, 
. Winter Garden Unit AAFTAC) Winter Garden 
. Zephyrhills Unit (AA 


AC), Zephyrhills 
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The Control of the Blueberry Bud Mite 


Joun S. Baruey and Artuur I. Bourne 
Massachusetts Agricultural Experiment 
Station 

The blueberry bud mite Eriophyes vaccinii K,* 
is an exceedingly small, white wormlike, four-legged 
Eriophyid mite about 0.2 mm. long and is invisible 
to the naked eye. It infests the fruit buds and some- 
times the developing fruits of several species of 
Vaccinium. In the fruit buds it lives between the 
scales, sometimes in such numbers that 50 or more 
mites are found in a single bud. Their feeding pro- 
duces typical gall-like, often reddened, swellings at 
the bases of the bud scales and on the stem. The 
scales of infested buds persist, giving a typical 
rosette appearance Darrow et al. 1944. In severe 
cases the entire crop may be destroyed. 

This mite was first reported and described by 
Keifer (1939), but had caused considerable damage 
in cultivated blueberry fields in North Carolina for 
several years previously (Fulton 1940) (Keifer 
1941). It was first reported from Massachusetts by 
Darrow about 1941 (4). It was found on the Harding 
variety at Amherst but to such a limited extent that 
it was not considered serious nor likely to become 
so. In 1984 a picture was made of an unknown blue- 
berry trouble. A study of an enlargement from this 
negative disclosed that very probably the trouble 
was blueberry bud mite. Hence, this mite has been 
in Massachusetts for at least a dozen years. 

In the spring of 1945 the fruit buds of part of a 
row of cultivated blueberries of the Pemberton 
variety and part of an adjacent row of Wareham in 
the experimental plantings at Massachusetts State 
College showed the rosette symptoms of bud mite. 
Examination under a microscope revealed a very 
heavy infestation. Later in the season it was esti- 
mated that the crop of infested bushes was cut by at 
least 50 percent. 

Since Darrow et al. 1944 reported that “no spray 
application has yet been successful as a control 
measure,” it was decided to try a summer “dinitro” 
spray. Accordingly on June 11, eight infested bushes 
of each of the varieties Pemberton and Wareham 
were sprayed with the Dinitro compound DN-111, 
4 oz., plus 1.6 gms. of Ultrawet spreader and sticker 
in 20 gals. of water. The spray was applied with a 
quad nozzle fitted with 0.05 inch disks at 400 Ibs. 
pressure supplied by a power-takeoff sprayer. After 
24 hours, severe burning of the foliage of both 
varieties was observed, and later considerable spot- 
ting of the young green fruits was noted. However, 
the kill of bud mites was very encouraging. Before 
spraying, Wareham had an average of 54 mites per 
bud with a range of 17 to 75 mites per bud. Pember- 
ton averaged 59 mites per bud. Twenty-four hours 
after spraying, 11 live mites were found in 5 Ware- 
ham buds and 12 live mites in 4 Pemberton buds, 
an average of 2.5 mites per bud for the two varieties. 

In an attempt to avoid injury to foliage and fruit 
and at the same time secure control of the mites, a 
second series of sprays was applied, on June 20 to 
different bushes of the same two varieties, with the 
same equipment but with the pressure reduced to 
150 to 175 Ibs. The DN-111 was applied at both 16 
and 20 oz. per 100 gals. of water plus the spreader 
and sticker as before. Twenty-four and 48 hours 
after spraying, the mite population per bud was 
reduced to the following: 


1 Contribution No. 581 of the Massachusetts Agricultural 
Experiment Station. 
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Table 1.—Mite populations after spraying. 








160z.T0100Gats. 2002. To 100 GALS. 


Pemberton Ware- 
ham 





Pemberton Ware- 
ham 





After 
24 hours 22 


2.6 
48 hours 2.3 3.3 





Among buds of the Pemberton variety on which 
mite counts were made 24 hours after spraying, 
there was great variation in live mite population. 
It varied from 0 to 90 mites per bud. In the high 
count buds no yellow specks of spray material could 
be found at the base of the scales where the mites 
reside, indicating that probably such buds were 
missed in spraying. Such specks were plentiful 
wherever the mite count was low. 

Forty-eight hours after spraying some burning of 
the foliage and fruit appeared in the form of small, 
round, brown spots. The concentration of the spray 
seemed to make little difference in the amount of 
injury. However, the reduction in pressure appears 
to have been an important factor since the injury 
was much less where the lower pressure was used. 

Although the control of blueberry bud mite by 
spraying with DN-111 is in the early experimental 
stage, two points are worth noting: (a) In mid-June 
the spray can be forced down in between the base 
of the bud scales where it is needed and (b) DN-111 
killed the blueberry bud mites.—12-15-45. 
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Collections of Mosquitoes on Parris 
Island During 1945 


Grorce H. Bick, Ithaca, N. Y. 
This study was undertaken as a part of the Ma- 


laria Control under way at the Marine 
Barracks, Parris Island, South Carolina. 

Parris Island is located in Beaufort County, 4 
miles southwest of the city of Beaufort, and lies be- 
tween Beaufort and Broad Rivers at the head of 
Port Royal Sound. 

The Island lies in the coastal plain and is approxi- 
mately 6 miles long by $ miles wide. It consists of 
numerous small “islands” of live oak-palmetto 
vegetation surrounded by tidal marsh. These 
“islands” are connected by a system of roadways 
and larger areas of hydraulic fill. Approximately 
40 per cent of the area is tidal marsh and subject 
to a 10-foot, semi-diurnal tide. The highest eleva- 
tion is approximately 10 feet above mean high tide 
level. 

The average annual rainfall is 46 inches, with the 


heaviest rainfall in June, July, August and Septem- 
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ber. The following gives the monthly rainfall dur- 
* ing the collecting period and compares it with the 
40-year average tn parentheses): June—5.91 (5.51); 
July—8.85 (6.16); August—$.50 (5.67); September 
—19.33 (4.91). The rainfall for September 1945 
exceeded the average for June, July and August 
combined. Approximately nine inches were recorded 
on September 3, 4 and 5 and again on September 
16 and 17. The latter rains were accompanied by 
winds of hurricane velocity. 
Intensive mosquito control operations were in 
progress during the collecting period and had been 
under way for more than a year previously. 


Table 1.—Collections from 10 diurnal resting 
stations, June through September, 1945. 








Month June Jury Ava. Sept. Toran 
No. or Visits 20 27 40 40 127 


— taeniorhynchus 49 58 61 179 
geingueciats 33 50 40 166 
peed 8 10 11 36 
Anopheles quadrimesulatus ll 
Culex nigripalpus 0 
Culez (ifelanconion 
Psorephora cilia 
Aédes vellicsione 
Culex salinarius 
— melanura 
sorophora ferox 
Culex apicalis 
Aédes instlone 
Aédes infirmatus 
Total 
Av. no. per visit 
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The adult population was measured from June 
through September by establishing 10 diurnal col- 
lecting stations. Large flour barrels were placed in 
the field in situations considered to provide favor- 
able shelter for Anopheles quadrimaculatus. At 
weekly intervals all mosquitoes resting in the barrels 
were collected in the morning and the number of 
individuals of each species recorded 

During August and September two workers made 
the collections. One of these collected all biting 
mosquitoes during a 5-minute period at the site of 
each barrel. 

In both barrel and biting collections, the records 
for all stations are combined for the sake of brevity. 
All station data were at roughly corresponding levels, 
and their individual populations could be of only 
purely local concern. 

The entire Island was surveyed weekiy for larval 
breeding. Samples were taken from each distinct 
habitat and descriptive data recorded. Only species, 
not number of individuals, were recorded. 

The following species were recorded during the 
summer of 1945: Aédes: atlanticus (LDB,! A. in- 
firmatus (LDB), A. mitchellae (L),- A. sollicitans 
(LDB), A. taeniorhynchus (LDB), A. triseriatus (LB); 
A. vexans (L); Anopheles bradleyi (LD), A. quadri- 
maculatus (LD); Culex: apicalis (D), C. erraticus 
(L), C. wearer (LD), C. pilosus (L), C. quinque- 
faciatus (LDB), C _ salinarius (LD); Orthopodomyia 
signifera (L); Psorophora ciliata (LDB), P. con- 
finnis (LB), P. feror (LDB), P. howardii (L), P 
cyanescens (L); Culiseta melanura (LD). 

October records added Anopheles crucians (L.) 
and Uranotaenia lowii (L.) to the species list, and 
added a biting record for Aédes mitchellae and A. 
verans. 

The following were collected during the winter of 


1 L represents Larvae; D, Diurnal; B, Biting. 
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1944-45: Aédes conndenite (L), Culex restuans (L), 
Culiseta inornata ( 

Middlekautff & ‘Carpenter (1944) recorded 49 
species from the state. It is interesting to note that 
this study of an isolated coastal island of about 
8000 acres records 27 species or more than one half 
of the state total. 

Table 1 summarizes the data obtained from ten 
resting stations from June through September. 

a. The average total number of mosquitoes per 
visit was five in June, four in July, and three 
in both August and September. 

b. For practical purposes Aédes taeniorhynchus, 
Oulex quinquefaciatus, Anopheles bradleyi, and 
Anopheles quadrimaculatus were the only 
species recorded in significant numbers from 
the barrels. 

The table below compares Parris Island records of 
the average number of Anopheles quadrimaculatus 
per collection from diurnal stations with those of 
the southeastern United States (Carpenter 1944). 


JUNE JULY Ava. SEPT. 
Parris Island 
(1945) .50 .40 27 .05 


S.E. U.S. (1944) 1.34 1.16 0.93 0.85 


It is readily noted that the density of Anopheles 
quadri us for Parris Island is significantly 
lower than the density for the southeastern United 
States. Both areas showed a corresponding and 
regular rate of decrease from June through Sep- 
tember. 


Table 2.—Biting records from 10 stations. 
August and September, 1945. 








Toran Av. PER 
VIsIT 


MontTH Ave. Sept. 
No. or Visits 38 40 


Aédes taeniorhynchus 159 271 
Aédes sollicitans 29 
Psorophora ciliata 17 
Aédes atlanticus 
Culex quinquefaciatus 
Psorophora feroz 
Pserophora confinnis 
édes informatus 
Culiseta (Melanconion) 
Culex salinarius 


Total 9 
Av. no. per visit 
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Table 2 lists biting records from ten stations dur- 
ing August and September. 

a. For practical purposes the orly biting mosqui- 
toes were Aédes taeniorhynchus, A. sollicitans, 
and Psorophora ciliata. Of these, A. taenio- 
rhynchus was by far the most important pest 
mosquito since its average density was ap- 
proximately seven times as great as all other 
biting mosquitoes combined. 

. The average number of all biting mosquitoes 
per visit in September (8) doubled the August 
record (4). The increase was due primarily to 
an increase in Aédes sollicitans (.05 in August; 
0.7 in September) and Psorophora ciliata (.05 
in August; 0.4 in September). 

Table 8 records larval collections by species and 
habitat for the period June through September. It 
may be noted that: 

a. The most productive single habitat was tempo- 
rary surface water which yielded 45 per cent 
of the total collections. 

b. The most common breeding mosquito was 
Aédes taeniorhynchus which was present in 30 
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Table 3.—Larval collections. June through September, 1945. 








Sur- 
FACE Por 


Art. TREE ‘ Occur- 
Water Hore Ditch Marsn Contr. Hore Tora rence! 











No. collections 61 17 
Per cent of total 45 13 


24 
18 


134 
100 


17 
13 





Aédes taeniorhynchus 20 
Aédes sollicitans 13 
Culex quinquefaciatus 10 
Psorophora confinnis 
Psorophora ciliata 

Aédes vexans 

Anopheles bradleyi 
Anopheles triseriatus 

Culex salinarius 

Aédes mitchellae 

Anopheles quadrimaculatus 
Orthopodomyia signifera 
Aédes atlanticus 

Culex nigripalpus 

Culex pilosus 

Culex erraticus 

Psorophora howardit 
Psorophora cyanescens 
Culiseta melanura 
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per cent of the collections. Other frequently 
occurring species were A. sollicitans 23 per cent, 
and Culex quinquefaciatus 21 per cent. 

c. Anopheles breeding was very limited. A. 
bradleyi occurred in 6 per cent of the collec- 
tions and A. quadrimaculatus in only 1 per 
cent. It is interesting to note that three A. 
bradleyi collections and one A. guadrimaculatus 
collection were from artificial containers. 

Table $ fails to convey the true extent of potential 
larval habitats. Approximately all parts of the Island 
not subject to direct tidal action afforded potential 
breeding sites. Innumerable, small, often minute, 
water-holding depressions are to be found with little 
or no search after every rain. 

Because of the Jack of density data, these records 
do not convey the correct impression regarding the 
magnitude of Aédes taentorhynchus breeding. After 
every significant rain nearly all surface water pro- 
duces this species in almost unbelievable numbers. 
At one time an attempt to measure density in one 
small area by average number per dip was soon found 
impossible, and it was then found that approxi- 
mately one specimen was obtained in every cubic 
centimeter of water. 

SumMMAry.—1. Seven genera and 28 species were 
recorded. 

2. Aédes taeniorhynchus, Culex quinquefaciatus, 
Aédes sollicitans and Psorophora ciliata were the 
most common adult mosquitoes based on both 
diurnal and biting records. 

3. Anopheles quadrimaculatus occurred at a 
density significantly lower than the general figure 
for the southeastern United States. Its density de- 
creased with the progress of the summer. 

4. Temporary surface water was the most produc- 
tive larval habitat. The most common breeding 
mosquitoes were Aédes taeniorhynchus, A. sollicitans, 
and Culex quinquefaciatus. Anopheles breeding was 
insignificant.—12-10-45. 


1 Per cent Occurrence—obtained by dividing number of collections of the particular species by the total number of collections. 


LITERATURE CITED 

Carpenter, S. J. 1945. Anopheline surveys in the 
Fourth Service Command. Jour. Nat. 
Malaria Soc. 4(2): 115-21. 

Middlekauff, W. W. 1944. New distribution 
records for the mosquitoes of the South- 
eastern United States. Jour. Econ. Env. 
37(1): 88-92. 





DDT and Hornfly Populations’ 


L. M. Peatrs, West Virginia Agricultural 
Experiment Station, Morgantown 


In the course of some tests with DDT for the 
control of flies in dairy and other barns on the farms 
of the West Virginia Agricultural Experiment Sta- 
tion at Morgantown during the summer of 1945, 
there was opportunity for a limited test of the 
material for control of hornflies in pastures. 

Tests were made with a herd of 65 heifers kept 
on pasture through the summer but fed daily in a 
detached barn which was situated a half mile or 
farther from other barns where numbers of animals 
were kept. 

These animals were sprayed on July 11, after a 
considerable hornfly population had developed. 
Rough counts and estimates indicated that, during 
the afternoon hours, not fewer than 500 flies per 
animal were present. Probably the number was 
somewhat larger than this; certainly on many in- 
dividuals there were, at time, at least a thousand 
flies. Even this number is not large when com- 
pared with infestations farther south and west but 
it approaches the usual maximum for the locality. 


1 Published with the approval of the Director of the West 
Mm Agricultural Experiment Station as Scientific Paper 
0. 352. 
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The DDT was a water-miscible preparation of 
40 per cent strength and was diluted to a strength 
of 2 pounds actual DDT to 100 gallons of water. 
The treatment was applied with an orchard sprayer 
which delivered the spray at a pressure of 250 
pounds or more. A short extension rod with a bor- 
deaux nozzle attached at an angle was used for the 
spraying. The animals were sprayed in the feeding 
stalls. The nozzle was run along one side to the neck 
of the animal, over the neck and back along the 
opposite side. The bases of the ears and tops of the 
heads of the animals received some spray but the 
faces were not sprayed and no attempt was made 
to spray the undersides. 

The experiment was for the purpose of determin- 
ing the effectiveness of the DDT without considera- 
tion of costs so not attempt was made to determine 
the exact quantity of material used. The coats of 
the animals, where they were sprayed, were satu- 
rated and it is estimated that more than a half- 
gallon of spray was used for each animal. 

The treatment was applied in the morning; in the 
afternoon of the same day the hornflies were con- 
spicuous by their absence and few flies of any kind 
were seen on the animals. Only the one treatment 
was given but the hornfly population did not reestab- 
lish itself during the season. In late September and 
early October the averave number of flies per 
animal was certainly not greater than 20. Other 
flies were present but even they were in greatly 
reduced numbers, as compared with the numbers 
seen on other farms of the station, not more than a 
mile away. 

Discusston.—Results reported from other local- 
ities have been similar to those obtained in this 
test except for the persistence of the effect which was 
apparently considerably more prolonged here than 
it has been reported to be elesewhere. From the 
South and the Southwest reports have indicated 
that several treatments may be necessary to give 
satisfactory control of hornfly throughout the 
season. 

It may be of interest to consider the possible rea- 
sons for the more prolonged period of effectiveness 
indicated here. It is possible that the treatment 
under discussion was more thorough than others; 
the high pressure at which the spray was applied, 
as has been stated, saturated the hair and reached 
the skin. Even with the rather low concentration of 
DDT this certainly gave a rather high deposit of 
the DDT on the hair and even the skin of the 
animals which would require a longer period of 
weathering for its removal than lighter treatments 
which covered only the surface of the coat of the 
animal. 

Weather during the summer was rather favorable 
for persistence; rainfall was not excessive and there 
were no heavy storms. The animals had access to 
shelter, both barns and wooded areas and doubtless 
protected themselves from the heaviest rains. 

However, it is suggested that still another factor 
was more important than the ones mentioned. The 
area in question is hilly, partly wooded, pastures are 
discontinuous and between them are fairly effective 
natural barriers to migration of the flies. And farm 
animals are not numerous. The commercial dairies 
are well scattered and the nearest one to the pasture 
in question, that of the experiment station dairy, 
was thoroughly sprayed with DDT—barns, sheds, 
manure pits, and in August even the dairy herd it- 
self. Other herds were several miles away. The area 
is semi-suburban and very few farm animals other 
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than those belonging to the experiment station are 
present. And, we repeat, the topography is such as 
to discourage migration of the flies. 

It seems probable that the treatment applied 
practically exterminated the local population of 
hornflies and that migration from other populations 
was not extensive enough to permit the reestablish- 
ment of an infestation. 

It may be concluded from this that DDT, ap- 
plied only once during the season, may afford suffi- 
cient protection against hornflies in many localities, 
especially in the northeastern states, even though 
such treatment might be inadequate in regions where 
topography and animal population furnish condi- 
tions more favorable to the restoration of the fly 
populations. And a further point should be noted— 
that apparent resistance to toxicity of the DDT to 
hornflies may not be that at all but, rather, the 
result of early extermination of the local population. 
—11-19-46. 





DDT to Control the Winter Horse Tick 


H. E. Partsu and C. 8. Rupe, U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology 
and Plant Quarantine 


The winter horse tick, Dermacentor nigrolineatus 
(Pack.), is one of the major external parasites of 
horses over a wide area in the United States. As its 
name implies, this tick is most active during cold 
weather. In Texas on the Edwards Plateau it ap- 
pears on animals in November and may be found 
on them until about the middle of March, the peak 
of population being reached in December or Janu- 
ary. 

Horses seriously infested with these ticks may 
suffer from “‘tick poisoning” or “water belly.” Such 
animals show a general run-down condition, with 
loss of spirit and appetite. The hair is long and 
rough and without its normal luster. Swelling occurs 
under the jaws, along the throat, brisket, and under 
the belly, extending back as far as the flanks. When 
the advanced stage is reached, death may result 
unless the parasites are removed and the horse given 
special food and care. 

The winter horse tick also attacks cattle in great 
numbers, causing considerable injury to young 
calves. It undoubtedly contributes to winter losses 
of cattle, especially during severe winters. 

EXPERIMENTAL Data.—During the winter of 
1943-44 preliminary tests were conducted to de- 
termine the effectiveness of washes containing DDT 
for the control of the winter horse tick. Washes of 
various concentrations were prepared by diluting a 
stock concentrate (No. 1235) containing DDT and 
a soluble pine oil. A wash containing 0.4 per cent of 
DDT was found to give 100 per cent kill, but only 
limited protection from reinfestation. With a wash 
containing 0.8 per cent of DDT the animals were 
protected for a much longer time. 

During the tick season of 1944-45 eleven experi- 
ments using 175 horses were conducted. Only ranches 
where severe tick infestations existed were selected 
for these tests. Animals ranging from young colts 
to aged animals were represented. The group in- 
cluded work horses, saddle horses, brood mares, 
and stallions many of which were wild and unbroken 
and resisted treatment to the utmost. 

All the animals were treated by sponging with a 
wash containing approximately 0.8 per cent of DDT. 
The head of each horse was left untreated to serve 
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as a check. In all cases ticks continued to attach 
and feed on the untreated heads of the horses, show- 
ing that ticks were present and that the treatment 
was affording protection. 

One week after the treatment 83.5 per cent of 
the horses treated were free of ticks, 16 per cent 
had a few ticks, and 0.5 per cent were still heavily 
infested. Although these figures do not give an en- 
tirely true picture of the efficiency of the wash, they 
do emphasize the need for a thorough application. 
In several instances where a few live ticks were 
found at the first examination after treatment, it 
was apparent that small areas had not been thor- 
oughly wetted. Many of the experimental animals 
resisted the treatment to such an extent that a 
thorough application was almost impossible. How- 
ever, in one test in which 15 gentle saddle horses 
were treated only 1 live tick was found 7 days after 
treatment. The tests clearly demonstrate that this 
wash is capable of killing all the winter horse ticks 
on an animal if care is taken to insure complete 
wetting. 

Some animals that had a few ticks on them when 
first examined were entirely free at the second ex- 
amination and remained free for a considerable 
period. Only $ of the horses required 2 retreatments 
to keep them relatively free of ticks throughout the 
season. A total of 68 retreatments was required to 
protect the entire group of experimental animals 
from serious reinfestation. Of the horses treated 26 
per cent remained free of ticks through the entire 
season following the initial treatment, 36 per cent 
became lightly reinfested but required no further ap- 
plication of the insecticide, and 38 per cent required 
retreatment. 

The average period the 175 horses treated were 
protected from reinfestation was 45 days. Again, 
these data do not show the true performance of 
this material, since the pressing demands of other 
work made it impossible to make examinations at 
more frequent intervals than 2 weeks. If an animal 
was infested with nymphs or larvae at a given ex- 
amination, 2 weeks were subtracted from the pro- 
tection period reported. 

During these tests no harmful effects were noted 
on the hair or skin of any of the treated animals. It 
was often noted, particularly in horses with long 
hair, that nymphs would be present at one observa- 
tion and the animals would be free of ticks at the 
next period. This may indicate a residual effect of 
the DDT on the newly emerged adults. Further- 
more, cast skins were sometimes observed on the 
hair when no live ticks could be found, although dead 
ones were in evidence. 

Many of the horses treated in these tests were 
ridden immediately after treatment, while others 
were ridden occasionally during the test period. The 
odor of the wash was always in evidence, especially 
when the animals became hot, but no ill effects were 
observed. Some of the horses that were ridden 
steadily became reinfested and had to be retreated, 
while others remained free of ticks throughout the 
period of the test. 

From these experiments it is evident that horses 
sponged twice during the tick season with a wash 
made from stock concentrate No. 1235 containing 
0.8 per cent of DDT will be protected from the 
winter horse tick. To obtain satisfactory results the 
— should be prepared and applied as described be- 
ow. 

PREPARATION OF Stock EmuLsion AND WasH.— 
The stock concentrate No. 1235 is prepared by 
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placing 1 part (by weight) of DDT and 5 parts of 
a soluble pine oil in a tight container and shaking 
vigorously until the DDT is dissolved. If the con- 
tainer is set in warm water, the time required for the 
DDT to dissolve will be greatly shortened. This 
solution is stable under ordinary conditions but at 
very low temperatures a small amount of DDT will 
appear in the bottom of the container. When the 
solution is brought back to room temperature, the 
DDT will dissolve. 

The wash is prepared by adding this stock con- 
centrate to water and stirring gently until a uniform 
mixture is obtained. In cool weather it is advisable 
to warm the water to avoid chilling the animal. Six 
fluid ounces of the stock concentrate in 1 gallon of 
water gives a wash containing approximately 0.8 per 
cent of DDT, the suggested treatment. 

Metnuop or APpPLicATION.—The wash is best 
applied to the animal with a sponge. The sponge 
should be partly filled by dipping it into the wash 
and then applied immediately to the animal. To 
insure thorough wetting of all hair and skin, the 


sponge should be rubbed against the lay of the hair. 


It is often necessary to treat the same area several 
times before all the hairs are wet. Care must be 
exercised to be sure that the entire body of the 
animal is thoroughly treated. Poor application is the 
principal cause of incomplete control of the horse 
tick. Some horses can be wetted with 2 quarts of the 
wash, whereas others may require as much as 2 
gallons, depending upon length of hair, type of hair, 
skin condition, and size of animal. 

Large numbers of animals may be run through a 
chute and sprayed by means of a power-operated 
sprayer. 

Caution.—In preparing the stock emulsion one 
should be careful to wash thoroughly with soap and 
water the hands, or other parts of the body coming 
in contact with the liquid, to avoid possible injury 
from DDT poisoning.—12-30-45. 





Sulfur As An Aphicide’ 


Dwicut Isety and Fioyp D. MInrr 
University of Arkansas, Fayetteville 


Sulfur has been used extensively as a dust on 
cotton for control of the cotton fleahopper for ap- 
proximately 20 years, Also it is used for control of 
the common red spider on cotton. Usually it is ap- 
plied in combination with calcium arsenate. Its 
effect on the cotton aphid, Aphis gossypii, which 
often appears in outbreak numbers following dust- 
ing with calcium arsenate, has received relatively 
little attention, at least relatively little considering 
the amount used. Fewer aphids have been reported, 
however, by Ewing & McGarr (1938), Rainwater & 
Bondy (1941) and McGarr & Henry (1943) on some 
plots dusted with mixtures including sulfur. Never- 
theless, their results were not all consistent and 
records of others have not shown a lower aphid 
population on plots dusted with sulfur-calcium 
arsenate than with calcium arsenate alone. Yarwood 
(1943) also found that sulfur had value in reducing 
the numbers of aphids, Phorodon humuli, on hops. 

In general the experience of the senior writer, 
prior to 1942, has been in agreement with the com- 


1 Research paper No. 808 Journal series, University of Arkan- 
sas, published with the approval of the Director of the Arkansas 
Agricultural Experiment Station. 
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mon experience that sulfur-calcium arsenate mix- 
tures applied for boll weevil control have not pre- 
vented aphid outbreaks. Sulfur and sulfur mixtures* 
were found to be effective, however, in reducing the 
numbers of cotton aphids when dust was applied to 
the under surface of the cotton foliage where most 
of the aphids feed (Isely 1945). This result was 
secured in experiments by setting the duster nozzles 
so low that the insecticide could be blown upward 
through the plants. When the duster nozzles are 
carried over the plants, as is usual in boll weevil 
control, relatively little of the insecticide is deposited 
on the under surface of the leaves. It was found that 
to be effective, enough sulfur must come in contact 
w_th the aphids to be obvious. Sulfur has no marked 
fuming action, like that of nicotine. The action of 
sulfur is relatively slow, and may continue for as 
long as seven days after application. 

These observations are based on experiments 
during three seasons, 1942, 1944 and 1945, involving 
16 replications, where sulfur, and dust mixtures in- 
cluding sulfur, were applied on the undersides of 
cotton foliage. The dust was applied with a rotary 
hand duster at a rate varying from about 15 pounds 
to the acre on relatively small cotton to 30 pounds 
to the acre on rank cotton. One to four applications 
were made. On five plots where three and four ap- 
plications were made, the average infestation was 
less than 1 per cent of the check. Where only one 
application was made in field experiments the aver- 
age infestation was 48 per cent of the check. The 
average aphid population of all plots was reduced to 
5.81 per cent of the average of the checks. 

The practical usefulness of sulfur in the control 
of the cotton aphid will depend upon more extensive 
field work to determine how sulfur in the dust mix- 
ture and a different manner of application wili affect 
the control of other cotton insects. 

An opportunity to test sulfur as an aphidicide 
against the pea aphid? was offered in late May and 
early June of 1945. This did not involve commercial 
dusting but work in garden plots. A total of five 
pairs of dusted and undusted plots were included in 
the experiments. All applications were made with a 
plunger duster and only a single application was 
made on each plot. With this manner of application 
it was relatively easy to be sure that the under sur- 
face of the foliage was well covered. In comparison 
with cotton plants, pea vines are small and easy to 
cover with dust. During the period covered by these 
experiments the temperature was relatively high, 
the mean being approximately 74° F. On each plot 
the record leaves were tagged and the aphids on 
these leaves were counted before dusting. Final 
records of the number of aphids on the same leaves 
were made two to four days after the application 
was made. 

As in the case of the cotton aphid sulfur was effec- 
tive in killing only those aphids with which it came 
in actual contact. The average number of aphids on 
all five plots, when the final counts were made after 
dusting, was 32.30 per cent of the population before 
dusting. During the same period the number of 
aphids on the undusted checks increased to the 
extent that the population was actually 123.40 per 
_ * Credit is due to the Stauffer Chemical Company for supply- 
ing most of the sulfur and other dusting materials used in le 


experiments. 
§ Macrosiphum pisi (Kltb.) 
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cent of that when the first counts were made, Assum- 
ing a similar potential rate of increase in the sulfur 
plots, dusting lowered the population to 26.18 per 
cent of what it would otherwise have been. 

In field experiments with the turnip aphid‘ on 
mustard in November, 1945, dust applications of 
sulfur did not produce control that could be readily 
observed. This was partly because of the difficulty in 
hitting all of the leaf surface where the aphids were 
feeding. The variety of mustard in these experi- 
ments, Giant Southern Curled, affords unusual pro- 
tection to aphids from dust. On the other hand the 
population of this aphid was reduced in the green- 
house by a single sulfur application on Shogoin 
turnips, a variety with relatively smooth upright 
leaves which were readily covered with dust. Rela- 
tively low temperature was also a factor in the field 
experiments since many aphids lived for some time 
on leaf surfaces that were heavily dusted. The 
daily mean temperature for the four days following 
dusting was not above 60° F. In the second instance 
the mean temperature was about 72° F. 

Following the single application in the greenhouse 
the aphid populatior on dusted turnip foliage was 
reduced to 54.15 per cent of that previous to dust- 
ing, while the population on the checks increased 
215.51 per cent. If the two series are compared the 
population on the undusted leaves was only 25.13 per 
cent of that of the checks. The manner of taking 
population records of the turnip aphid was the same 
as for the two species previously discussed; that is, 
aphids were counted on numbered leaves just before 
dusting and again four days after dusting. 

Conc.usions.—Sulfur is effective as a contact 
insecticide against a number of species of aphids, Its 
usefulness is yet to be determined by further experi- 
ments. Its effectiveness seems to be dependent upon 
obvious contact with the aphids and upon a tem- 
perature of near 70° F. or higher. It is relatively slow 
in action. In addition to its possible use as a primary 
insecticide, sulfur might well be more generally 
recommended as a diluent for other insecticides. Its 
cost is sufficiently low for this purpose. Since sulfur 
has toxic properties of its own, it may add to the 
efficiency of the mixture, and in some instances may 
also lengthen the period of effectiveness. When sul- 
fur is used in experimental work as a diluent for 
other insecticides its aphidicidal properties should 
not be overlooked when the final results are evalu- 
ated. 
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Cooperacion Entre los Estados Unidos de Norteamerica y la Republica 
de Mexico, Para el Control del Gusano Rosado del Algodonero. 


Desde el afio de 1943 fué formalizada 
una situacién que habia venido sosteni- 
éndose desde muchos afios antes entre el 
personal destinado al control del Gusano 
Rosado del Algodonero, en los Estados 
Unidos de Norteamérica y los Estados 
Unidos Mexicanos, con sdélo la amistad y 
el mutuo interés, que fueron formandose 
entre hombres que trabajan en el mismo 
problema, en zonas cercanas, a ambos 
lados de la frontera que limita a nuestros 
paises. 

Esta cooperacién entre personas de 
distinta raza, que hablan lenguas difer- 
entes, con costumbres desiguales, ha 
venido practicandose al través del tiempo, 
sobre bases de amistad, de esfuerzo 
aunado; como bello ejemplo para otros 
fines y como negacién a ciertas politicas 
internacionales que obran o planean en 
contrario, en cualquier aspecto de la vida 
de los pueblos. 

En el caso particular que nos ocupa, 
los resultados de los esfuerzos coopera- 
tivos verificados ya sea en forma oficial 
o extraoficialmente, han venido demo- 
strando afio trasafio la bondad del Pro- 
grama para el Control del Gusano Rosado 
en el que cooperan nuestros dos paises, si 
se considera que es y ha sido de resultados 
benéficos para ambas naciones, en par- 
ticular para nuestros agricultores, ademés 
de esencialmente efectivo para el control 
y, a veces, erradicacién de la plaga. 

La confianza mutua convertida en 
amistad, el deseo de resolver los prob- 
lemas de trabajo uniéndose, el respeto 
mutuo y la comprensién paulatina, que 
borra diferencias; han dado lugar a que 
el trabajo de los personales americanoy 
mexicano se verifique como si no existiera 
la linea fronteriza entre los dos paises, 
sin incidentes o problemas, que no 
hubieran sido resueltos con beneplacito 
para todos. 

La cooperacién propiamente dicha, en 
lo que respecta al control del Gusano 


Rosado, se remonta en sus principios al 
afio de 1920, cuando se inicié un inter- 
cambio de informacién, una consulta bi- 
lateral, entre los empleados de ambos 
paises interesados en ese objeto. Esta 
ayuda mutua fué convirtiéndose en 
amistad y asi fué lograndose una cordina- 
cién de esfuerzos y simultaneidad de 
medidas de control, que dejaron entrever 
la posibilidad de resultados mejores en el 
control de la plaga que nos ocupa. 

En fechas posteriores, esa cooperacién 
fué extendiéndose a otras 4reas, a veces 
con caracter formalizado por los Gobier- 
nos, siempre demostrando con hechos los 
beneficios que se logran al unificar el 
criterio de los personales dedicados al 
control del Gusano Rosado en ambos 
paises, mediante el intercambio de ideas, 
planes de campafia y observaciones que 
poco a poco fueron completando una base 
para las leyes cuarentenarias que ahora 
nos permiten laborar con exito en el 
problema comin, a ambos lados del Rio 
Bravo; mejor seria decir, que estas dis- 
posiciones legales permiten con mayor 
libertad, una vigilancia, una supervisién 
y guia de los trabajos de control que llevan 
a cabo los agricultores, los propietarios de 
despepitadores, de vehiculos de trans- 
porte, ete., en un franco deseo de mejor- 
amiento, reconociendo en su mayoria el 
beneficio extraido de las practicas im- 
plantadas. 

Ya me permiti esbozar que el Programa 
de Cooperacién beneficia a los dos paises, 
y ahora menciono algunas de las razones 
de esa afirmacién. La industria algodonera 
norteaméricana es varias veces mas ex- 
tensa que la nuestra; ambas son afectadas 
por las depredaciones del gusano rosado, 
insecto que en estado adulto puede 
moverse a grandes distancias por medios 
naturales, ajenos a lineas fronterizas y 
medidas curentenarias; por tanto, un 
mejor control en cualquiera de los dos 


.Territorios es importante para la dis- 
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minucién de los dafios en el otro. Los 
métodos de control, similares en los 
Estados Unidos y México, reducen en 
mucho otros factores biolégicos contrarios 
a la planta del algodonero, como son 
otras plagas y algunas enfermedades; a 
la vez, crean en el agricultor habitos que 
mejoran sus sistemas de cultivo y ademas, 
aumentan la produccién y benefician a la 
industria con fibras de mejor calidad, pro- 
tegiéndola un tanto de los productos 
sintéticos. Las sendas Areas no infestadas 
por éste insecto gozan de una mayor 
seguridad y con éllo de condiciones casi 
éptimas para su desarrollo econémico. 
Puede considerarse también que aunque 
los gastos de cultivo aumentan con el 
control de esta plaga, a la vez se dis- 
minuyen ea costo algunos de los factores 
de la produccién y se logran resultados 
que traen provecho econémico. 

Existen otras razones mas en favor, de 
las cuales algunas se han bosquejado en 
parrafos anteriores, que subrayan las 
excelencias del Programa. 


La CooPERACION EN SI 


Con un acuerdo entre los dos paises, 
celebrado en el afio de 1943 mediante un 
intercambio de notas sostenido por los 
Secretarios de Agricultura de la Unién 
Americana y la Reptblica de México, se 
inicié formalmente un Programa de Co- 
operacién en el Control del Gusano 
Rosado del Algodonero. 

Dentro de México, el drea cultivada 
con algodonero se ha subdividido en siete 
zonas de combate o prevencién, en cada 
una de las cuales existe personal de la 
Oficina Fitosanitaria y de la Oficina de 
Entomologia y Cuarentena de Plantas de 
Washington, que unen sus conocimientos, 
esfuerzos y equipo para un mismo fin; 
unos tratando de proteger la vasta in- 
dustria algodonera de los Estados Unidos 
de Norteamérica y los otros, la propia 
agricultura de su Pais. 

Para esas siete zonas, cuenta la Direc- 
cién General de Agricultura con Dele- 
gaciones Fitosanitarias que se encargan 
de todos los trabajos relacionados con las 
plagas y enfermedades de los cultivos, 
pero que dedican la mayor parte de su 
atencién al control del Gusano Rosado 
del Algodonero. A cada una de estas 
Delegaciones se ha unido un Repre- 
sentante de la Oficina de Entomologia y 
Cuarentena de Plantas, cuyo deber es 
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mantener las relaciones cooperativas en 
cada lugar. 

Como base para los trabajos, se cuenta 
con los acuerdos entre los dos paises, 
ciertas reglas dictadas por el uso y con el 
respeto y confianza mutuas entre los 
Delegados, su personal y los Agentes 
Norteamericanos. 

Las Leyes Cuarentenarias y Regla- 
mentos que en nuestro Pais se han dictado 
para el combate del Gusano Rosado, han 
sido me)orados paulatinamente desde hace 
muchos afios y en la actualidad la in- 
mensa mayoria de los problemas se 
resuelven con la cooperacién decidida de 
los sectores unidos al cultivo del algodén, 
condicién que ha sido obtenida por medio 
del convencimiento, que es fruto de una 
labor educativa sostenida, de la simpatia 
y amistad entre el sector oficial y el 
agricola, que ahora hacen casi innecesario 
el uso de las sanciones que las leyes fijan. 

Los Representantes de la Oficina de 
Entomoligia y Cuarentenas de Plantas 
cuentan con personal pagado por el 
Gobierno Norteaméricano y équipo de 
transporte, que laboran permanente o 
temporalmente bajo las érdenes directas 
del Delegado Fitosanitario. Por la comple- 
jidad del problema, ya que en él entran 
en juego tantos factores, es dificil valorizar 
monetariamente la cooperacién y_ sélo 
puedo usar de los datos que bondado- 
samente me han sido facilitados por los 
sefiores R. E. McDonald y D. M. Mc- 
Eachern de la Divisién de Control del 
Gusano Rosado, para dar idea de su 
monto. 

El personal y équipo ha consistido de lo 
siguiente: 

PersonaL PrrsonaL Avto- 


MEsEs PERMANENTE TEMPORAL MOVILES 
Julio 1943 il 20 32 
Agosto = ll 39 35 
Septiembre “ 11 39 35 
Octubre 11 45 41 
Noviembre “ 12 44 42 
Diciembre “ 12 47 42 
Enero 1944 12 42 44 
Febrero % 12 46 43 
Marzo = 12 44 43 
Abril . 12 41 41 
Mayo #4 12 34 $2 
Junio ¥i 13 23 31 


El] personal temporal, puede haber sido 
pagado por unos cuantos dias, por semanas 
o meses, siendo segin su permanencia el 
uso que se le da al equipo de automoviles. 

Del personal, tanto permanente como 
temporal, hemos recibido sugestiones y 
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ensefianza que han sido de gran ayuda 
para la campafia contra esta plaga, 
ademas de que han venido trabajando de 
consuno con el personal de las Delega- 


ciones Fitosanitarias, personal que con-. 


siste en su mayoria de Agrénomos espe- 
cializados que actian como Delegado y 
Jefes de Zona, ademas del personal de 
campo que es pagado por el Gobierno 
Mexicano. 

No hay que olvidar que en México 
tanto los agricultores como otras per- 
sonas interesadas, contribuyen substanci- 
almente al logro de los trabajos y asi 
tenemos que en el afio de 1943 se hace una 
estimacién del valor en metalico con que 
estos sectores contribuyen, dando un total 
de 7.051,169.00 délares que al tipo de 
cambio de 4.85 délar, da 34.196,165.65 
pesos. 

La cooperacién que da el personal 
americano es de gran valor en la vigi- 
lancia de la esterilizacién de la semilla, 
quema de desperdicios de despepitador, 
limpieza de los puntos de concentracién, 
limpieza de los campos, incineracién de 
tallos, barbecho de las tierras, prevencién 
del “‘retofio” y “‘soca,”’ control de siembras 
y en general en todas las medidas usadas 
contra el Gusano Rosado, repartiendo su 
atencién sobre una superficie que durante 
el afio de 1944 se calcula estimativamente 
en 285,000 hectareas sembradas con al- 
godén, diseminadas sobre gran parte del 
territorio norte de la Republica. Ademas, 
cooperan en las reuniones que se verifican 
con los agricultores mds destacados en 
cada zona, en las cuales se discuten 
aquellos asuntos que tienen nexos con el 
control del Gusano Rosado y se exhiben 
peliculas educativas sobre la plaga y los 
métodos de control que se utilizan contra 
ella; colaboran también en el programa 
educacional, que principia ensefiando a 
los Inspectores los principios en que se 
basan las medidas de control, para que 
ellos a su turno den esa informacién 
directamente a los agricultores. 

En reuniones que se efectian una o 
varias ocasiones en el afio, los Repre- 
sentantes Norteaméricanos y los Dele- 
gados, con la presencia de las Autoridades 
Superiores de México, cambian impre- 
siones, experiencias y discuten con am- 
plitud y libertad los problemas propios de 
cada zona, aunando sus criterios para 
resolverlos, sin diferencias de ninguna 
clase, con una camaraderia respetuosa. 
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Un ejemplo es la dltima Reunién cele- 
brada en la Ciudad de Monterrey, N. L., 
durante los dias 12, 138 y 14 de Noviembre 
del presente afio. Se discutieron en élla 
puntos de suma importancia, buscando 
solucién a problemas, tratando de mejorar 
ciertos aspectos de la Campafia, dando a 
conocer las experiencias favorables o 
desfavorables en cada zona, etc. El éxito 
de la reunién fué completo. 

Asistieron a ésta Junta: 


De La Direccion GENERAL 
DE AGRICULTURA 


Ing. Darfo L. Arrieta M.—Director General. 

Ing. Ricardo Coronado Padilla, Jefe de la Oficina 
Fitosanitaria. 

Ing. Luis Cortés Gomez, Jefe de la Seccién de Cam- 
pafias de la Oficina Fitosanitaria. 

Ing. Manuel Alcazar Cerda, Delegado Fitosanitario 

en Ciudad Juarez, Chih. 

Ing. Alfonso Delgado de Garay, Delegado Fitosani- 
tario en Matamoros, Tamps. 

Ing. Adolfo Lara Sandoval, Delegado Fitosanitario 
en Monterrey, N.L. 

Ing. Carlos Sanders Bermudez, Delegado Fitosani- 
tario en Ciudad Delicias, Chih. ‘ 
Ing. Guillermo Torres Cordera, Delegado Fito- 

sanitario en Torre6én, Coah. 
Ing. José Rodriguez Galicia, Delegado Fitosanitario 
en Saltillo, Coah. 
Santiago J. Rodriguez, Delegado Fitosanitario en 
Ojinaga, Chih. : 
Eduardo Garza Lépez, Jefe de Zona Fitosanitaria, 
dependiente de la Delegacién en Torre6én, Coah. 
Ing. Fermin Villalva Camou, Jefe de Zona Fitosani- 
taria dependiente de la Delegacién en Monterrey, 


De tos Estapos UNIDOS DE 
NorRTEAMERICA 


L.F. Curl, Jefe de la Divisién, Divisién de Control 
del Gusano Rosado. 

R.E. McDonald, Jefe del personal de Cooperacién, 
Monterrey, N.L. 

D.M. McEachern, Representante en Matamoros, 


Tamps. 
R.P. Barreda, Ayudante del Representante en 
Matamoros, Tamps. 
J.C. Bateman, Representante en Monterrey, N.L. 
D.H. Currie, Representante en Torreén, Coah. 
J.C. Gay, Representante en Cd. Delicias, Chih. _ 
B.R. Stephens, Representante en Cd. Juarez, Chih. 
L.D. Harris, Representante Ojinaga, Chih., radicado 


en Alpine, Tex. ’ 
J.A. Alderdice, Texas State, Department of Agricul- 
ture, Austin, Tex. 


RESULTADOS 


Los frutos de esta cooperacién, inter- 
pretados por la presencia del Gusano 
Rosado, son excelentes. Las infestaciones 
se han disminuido, se han conservado 
constantes o por factores naturales fuera 
de control, han aumentado en algunas 
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zonas, sin que en las regiones de que se ha 
erradicado la plaga o donde no ha existido 
nunca, se hallen sufrido sus dafios a la 
fecha. Como confirmacién, existen dos 
zonas en el Area cuarentenada de este 
Pais, que han sido liberadas de la plaga 
desde que se incicié la Cooperacién inter- 
nacional, ya que en ellas no se ha encon- 
trado Gusano Rosado durante los iltimos 
cuatro o cinco afios. Ellas son: El 4rea 
de Don Martin, en el Estado de Nuevo 
Leén, donde se cultivan de 15,000 a 20,000 
hectareas de algodén anualmente y la 
porcién norte del Estado de Coahuila 
donde se siembran con algodén de 4,000 
a 6,000 hectéreas cada afio. Por medio de 
los métodos de control que ya he men- 
cionado, se ha logrado la erradicacién 
total del Gusano Rosado en esas grandes 
regiones. 

Por todo lo aqui asentado, puede con- 
siderarse que esa cooperacién, madurada 
a través de varios lustros, es ahora una 
bella realidad que, bajo los auspicios que 
se asienta llegar4 a ser m&s perfecta, con 
resultados mas halagadores cada dia, con 
mayores beneficios para nuestros dos 
paises, siempre llevada bajo principios de 
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respeto y amistad reciprocos, perfec- 
cionéndose. 

Sélo me resta agradecer a ustedes su 
atencién y suplicarles perdonen las repeti- 
ciones en que pueda haber incurrido, asi 
como la brevedad de este reporte, que 
sélo quiere ser un breve pero fiel retrato 
de lo que es el Programa de Cooperacién 
México-Americano en el control del 
Gusano Rosado. 

H. Matamoros, Tamps., a 1/o de Dic. 
de 1945. 

Ina. ALronso DELGADO DE GARAY 


The above article by Sefior Delgado de Garay is 
the first contribution made by any of our Mexican 
colleagues to our programs or our JourNAL. It is 
printed as written, in Spanish, because this language 
is read by many of our members and because the 
author’s presentation of his subject matter must be 
distorted to a degree, in translation. The Mexican 
colleagues of the author will thus have access to the 
article and we hope they may take this as an indica- 
tion of the whole-hearted goodwill of our Association 
to them and their work and as a further mark of 
appreciation of this country for the unselfish co- 
operation afforded through many years by the 
Mexican Government and the Mexican People in 
the problems of insect control which have usually 
been much more vital to us than to them. 

Members who desire a translation will be furn- 
ished a mimeographed copy on application to the 
editor. 








Revisions oF FepERAL PLANT QUARANTINES AND 
ADMINISTRATIVE INSTRUCTIONS 


The Gypsy moth and brown-tail moth quarantine 
(Quarantine No. 45) was revised effective October 
10, 1945, to redefine as “generally infested” the 
regulated area formerly classified as “lightly” and 
“generally” infested, thus eliminating the classifica- 
tion of “lightly infested area’”’; to add to the regu- 
lated area part of eastern New York, additional 
areas of Connecticut and Vermont, and that part of 
Massachusetts not heretofore included in the regu- 
lated area, these additional areas to be known as the 
“suppressive area”; to redefine the boundary of the 
area regulated on account of the brown-tail moth; 
and to prohibit the unauthorized movement of live 
Gypsy and brown-tail moths in any stage. 

The Mexican fruitfly quarantine (Quarantine No. 
64) was revised effective November 26, 1945, to 
provide for eliminating the use of permits for regu- 
lated citrus fruits for a part of any year by the Chief 
of the Bureau of Entomology and Plant Quarantine 
through administrative instructions. 

The white-fringed beetle quarantine (Quarantine 
No.72) was again revised effective December 12, 1945, 
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for the purpose of extending the regulated areas to 
include additional areas in which white-fringed 
beetle infestations have been located. New counties, 
parts of which are included for the first time are: 
Coffee County, Alabama; Bladen, Robeson, and 
Union Counties, North Carolina. Minor additions 
to the regulated area were also made in other 
counties of Alabama, Florida, Mississippi, and 
North Carolina. This revision also placed under 
regulation straw, plant crowns or roots for propaga- 
tion, and uncleaned grass, grain, and legume seed. 
Effective on the same date the Bureau issued 
B.E.P.Q., 485, 14th Revision, modifying the certi- 
fication requirements for regulated articles. 

The black stem rust quarantine (Quarantine No. 
38) was amended effective February 1, 1946, to add 
Kansas to the States now being protected under 
the provisions of that quarantine. 

Amendment No. 2 to the pink bollworm quaran- 
tine was issued effective February 4, 1946, for the 
purpose of adding to the lightly infested area the 
entire Texas counties of Brown, Chambers, Jef- 
ferson, Liberty, Medina, Orange. Uvalde, and part 
of Harris County, Texas. 
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OrtrentaL Frurr Morn QuarantINEs REVOKED 

The following States have revoked their Oriental 
fruit moth quarantines: Arizona (December 20, 
1945), Idaho (December 7, 1945), Montana (August 
22, 1945), Nevada (January 2, 1946), Oregon (October 
30, 1945), and Washington (December 19, 1945). 
The State of Colorado modified its Oriental fruit 
moth quarantine effective January 1, 1946, to add 
the entire States of California, Idaho, Oregon, and 
Washington, to the quarantined area. Colorado and 
Utah are now the only states maintaining Oriental 
fruit moth quarantines. 


SwEETPOTATO WEEVIL QuUARANTINES 


Effective January 10, 1946, Georgia revised 
Quarantine No. 3, pertaining to the sweetpotato 
weevil, to add the following Mississippi counties: 
Green, Hancock, Harrison, Jackson, Stone, and 
Walthall, to the regulated area. 


Effective January 5, 1946, Louisiana amended its 
sweetpotato eer quarantine to include part of 
West Feliciana Parish. 

Effective November 7, 1945, Mississippi revised 
its sweetpotato weevil quarantine, Rule 24-A, to 
include all the counties of Baldwin, Mobile, and 
Washington, Alabama, parts of which were previ- 
ously under quarantine, and to bring the quaran- 
tined area in Texas in line with other standard 
state quarantines on account of this insect. 


Fioripa Corn Borer QuaRANTINE REVISED 


The State of Florida issued Special Bulletin No. 3, 
revising its European Corn Borer Rule, effective 
November 10, 1945, so as to include the States of 

Minnesota, and Nebraska, the entire 
States of Iowa and Missouri, only certain counties 
of which have heretofore been under quarantine, 
and the counties of Montgomery, Robertson, and 
Sumner in Tennessee, to provide for the entry of 
host plants and plant products after treatment, and 
bs ~— for the entry of winter-grown greenhouse 
rhubarb. 


Arizona Revises Its StraAwBERRY Root WEEVIL 
QUARANTINE 


The Strawberry Root Weevil Quarantine (Quar- 
antine Order No. 10) of Arizona was revised January 
25, 1946, to exempt 14 states from the restrictions 
of this quarantine and to provide for the admission 
of plants fumigated with methy] bromide. 


Puony Peacn QuARANTINE 


The State of Missouri revised its Phony Peach 
Quarantine (Quarantine No. 1) November 23, 1945, 
and the State of Georgia, its Order No. 1 on account 
of the same disease January 15, 1946, to conform to 
the recommendations made by this Bureau after the 
1945 annual inspection had been completed. 





NOTES 


Captain Raymonp C. Buso~tanp— 
An Ecuo FROM THE ARMY 


The following is quoted from a letter written by 
Brigadier General S. Bayne-Jones, Director of the 
American Typhus Commission, Washington, D. C., 
who submitted a Journal Paper on behalf of Captain 
Bushland, “Captain Bushland, who is now out of 
the Army .. . had a long distinguished service with 
the U. S. A. Typhus Commission, Among the 
studies he carried out in New Guinea were some in- 
vestigations of area control of mites. The purpose 
was to see whether an area could be freed from 
scrub typhus by destroying mites in the field. A 
considerable amount of scientific and practical 
material came out of these studies.” 

The paper mentioned above deals with these 
studies and will appear in an early issue of the 
Journal. 





M. D. Leonarp Joins THE BuREAU 


Dr. Mortimer D. Leonard, for the past four years 
in charge of insecticide price controls under the 
authority of the Office of Price Administration, has 
joined Dr. Sasscer’s staff in the Office of Foreign 
Plant Quarantines in the Bureau of Entomology and 
Plant Quarantine. 

Dr. Leonard’s duties will include the collection 
and dissemination of information concerning the 
insects which are likely to be introduced from abroad 
into the United States. 


The many friends of Dr. Leonard will welcome him 
back into the ranks of professional entomologists, 
especially in a capacity where his wide knowledge of 
insects in all groups can be very effectively utilized. 


A. M. Vance and W. G: Bradley of the federal 
Corn Borer Investigations, J. J. Davis of Purdue 
University, and George C. Decker of the Illinois 
Natural History Survey, took part in a state-wide 
conference on the European corn borer, held at 
Cedar Rapids, Iowa, January 16 and 17, under the 
direction of C. J. Drake, head of the Entomology 
Department of Iowa State College. 


J. J. Davis, of Purdue, was the guest speaker at 
the monthly meeting of the Western New York 
Section of the American Chemical Society, held at 
the University of Buffalo, February 19. The subject 
of his talk was Chemistry and Pest Control, 





J. G. SanpERs Now Wit CoMMERCIAL 
SoLVENTs CORPORATION 


Dr. J. G. Sanders has joined the staff of Com- 
mercial Solvents, with headquarters in New York 
City. Dr. Sanders spent much time during the war 
in several stations in South America and Iran on war 
activities. He will be concerned with the develop- 
ment and marketing of some of the new insecticides, 
in his present position. 























































TWENTY-SECOND 
CUMBERLAND-SHENANDOAH 
Spray CONFERENCE 


The twenty-second annual session of the pioneer 
regional conference on insect and disease control 
problems common to several states was held when 
the Cumberland-Shenandoah Conference held its 
annual meeting in Winchester, Virginia, on Novem- 
ber 23 and 24, 1945. 

Dr. W. S. Hough, of Winchester, presided and 
Dr. S. A. Wingard of Blacksburg served as general 
secretary of the Conference. As is customary, the 
horticulturists present conducted their own separate 
meeting while the Insects and Disease Section dis- 
cussed problems within their scope of interest. At 
the end of the programs a final general meeting was 
held for committee reports and election of officers 
for the coming year. A. F. Vierheller was elected 
Chairman and E. A. Walker, Secretary for 1946. 
Both of these men are from Maryland. E. N. Cory 
was made Chairman, and Geo. S. Langford, Secre- 
tary, of the Committee on Insects and Diseases. 

States represented included Delaware, Maryland, 
New York, North Carolina, Pennsylvania, Virginia 
and West Virginia as well as the United States De- 
partment of Agriculture. Sixty-five members and 
visitors registered. 

Reports covered such subjects as Fungicides, re- 
ported by F. H. Lewis, of Arendtsville, Pa., who 
discussed scab, cedar rust and oil-fungicide compati- 
bility on apples, as well as other subjects including 
airplane dusting of peaches for control of brown rot. 
General discussion of disease problems was continued 
by several members. 

Discussion of Insecticide-Fungicide combinations, 
including several brief reports, gave preliminary 
information on several new combinations. 

Among the reports on work with insecticides may 
be mentioned a statement by Edwin Gould, of West 
Virginia, that DDT had given good results, in 
summer applications, for control of the pistol case 
case bearer; W. S. Hough reported good results with 
dinitro compounds for control of the rosy apple 
aphis and James E. Dewey, of New York reported 
that 4 per cent paraffin oil, applied not later than 
the delayed dormant stage, had given best results 
for control of the apple redbug. 

As might be expected, the reports of the work on 
codling moth control with DDT attracted the great- 
est interest. The uniformity of the reports tells 
more than anything else could, of the remarkable 
results secured and the definite superiority of the 
DDT over lead arsenate or any other material used, 
for the control of this primary apple pest. Some in- 
formation as to the residue problem was presented, 
in so far as this problem is affected by the addition 
of DDT to the list of residue-producing materials. 

General discussion of several other orchard in- 
sects followed the consideration of DDT. The pro- 
gram was concluded by the formulation of the spray- 
schedule to be recommended for use during the 
season of 1946. This followed the basic plan of 
general agreement on the main features of the pro- 
gram to the end that growers receiving information 
fronr several sources may not be confused; freedom 
for the individual workers in different states to 
adapt details to suit local conditions is, and has 
been, an essential feature of the concerted program. 
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TWENTIETH ANNUAL WESTERN Co- 
OPERATIVE SPRAY CONFERENCE 


The Twentieth Annual Conference of the Western 
Cooperative Spray Project was held at Portland, 
Oregon, on January 23 and 24. This is an official 
conference of entomologists, chemists, plant patholo- 
gists and horticulturists engaged in state or federal 
research work on orchard spraying problems in the 
West. The membership includes men from the ex- 
periment stations of California, Idaho, Montana 
Oregon and Washington, the Bureau of Plant and 
Insect Control of the Colorado Division of Agricul- 
ture, the Canadian Department of Agriculture, and 
the U. S. Department of Agriculture. 

Discussions covered research work on dormant 
sprays, codling moth, mites, cherry fruit fly, pear 
thrips, pear psylla, filbert insects, pear scab, and 
peach leaf curl. The occurrence of the Oriental fruit 
moth in the West was discussed and the composition 
of DDT was given special attention. 

The annual suggestions for the use of orchard 
sprays, which is used by some of the states as a 
basis for their own recommendations, was brought 
up to date. No recommendations for the use of DDT 
were made. 

The conference adjourned at noon of the second 
day for a group luncheon with representatives of 
insecticide manufacturers and distributors, field 
men of growers’ organizations, and horticultural in- 
spectors. Afterwards a joint meeting was held, 
presided over by Ed Littooy of the Colloidal Products 
Corporation, at which there was a discussion of DDT 
and of the availability of insecticides and fungi- 
cides. There was an attendance of 144 members and 
visitors at the joint meeting. 

The attendance of members of the Spray Project 
was larger than usual, the following being present: 


British Columbia: Oregon: 
Ben Hoy I Child 
James Marshall a te 
J. M. McArthur S. cx Jones 


California: C. H. Martin 
A. D. Borden Don C. Mote 
A. B. Lemmon R. H. Robinson 
Idaho: R. G. Rosenstiel 
H. C. Manis B. G. Thompson 
W. E. Shull S. M. Zeller 
Washington: J. L. St. John 
D. F. Allmendinger - 3 oo 


D. H. Brannon Ae 
E. P. Breakey R. L. Webster 


L. R. Bryant U.S. D.A.: 


D. J. Crowley 
P. M. Eide F. W. Carlson 
F. P. Dean 


Kermit Groves 
Folke Johnson S. M. Dohanian 
K. A. Haines 


W. J. O'Neill 
J. R. Kienholz 


F. L. Overley 
J. C. Snyder M. A. Yothers 


Leroy Curios, Hood River, Oregon, was Chair- 
man of the conference. 


F. L. Overtey, Secretary 














PROCEEDINGS OF THE FIFTY-SEVENTH 
ANNUAL MEETING ? 


AMERICAN ASSOCIATION OF Economic ENTOMOLOGISTS 
Hotel Adolphus, Dallas, Texas, December 3, 4, 5 and 6, 1945 


The Dallas meeting, December 3 to 6 inclusive, 
marked the first gathering of the Association in the 
Southwest. In every respect, the meeting was a 
signal success. It was well attended by a group most 
of whom rarely have an opportunity to attenda 
national conclave. Close attention was paid to a 
splendid program. The four day period in place 
of the usual three days relieved the congestion con- 
siderably so that there were few conflicts. The 
banquet was well managed, the single address in- 
teresting and the entertainment had the true 
“South of the Border” characteristics. E. W. Laake 
and his assistants deserve great credit for managing 
the affair with efficiency and graciousness. 

The Cotton States Branch and the Texas En- 
tomological Society held their annual business meet- 
ings as part of the program. The Presidents of these 
two organizations were given places of honor on the 
morning programs and the Secretaries assisted in 
numerous ways in keeping the meetings running 
smoothly. Two hundred and forty entomologists 
were registered. 

The morning sessions were devoted to topics of 
general interest and the afternoons and evenings to 
submitted titles and sectional meetings. The morn- 
ing sessions were so outstanding that a complete 
résumé of the addresses is given herewith: 

Monday, December 3—Welcoming Address, 
S. W. Bilsing, College Station Texas, Cotton States 
Branch and Texas Entomological Society; Address 
of the president of the American Association of 
Economic Entomologists, ““Involvements in Present 
Day Economic Entomology’—D. L. Van Dine; 
Presidential Address, Cotton States Branch— 
“Comments on Post War Entomological Problems 
in the South”—C. E. Smith, Baton Rouge, Louisi- 
ana. 

Tuesday, December 4—Presidential Address, 
Texas Entomological Society, N. O. Berry, Har- 
lingen, Texas; “The Insecticide Situation,” F. C. 
Bishopp, Washington, D. C.; “Recent Develop- 
ments in Cooperative Insect Control Programs,” 
W. L. Popham, Washington, D. C. 

Wednesday, December 5—“International As- 
pects of Pink Bollworm Control’”—Ing. Alfonso 
Delgado de Garay, Member of the Mexican Depart- 
ment of Agriculture; “Cotton Insect Control and 
Commercial Interests’—Alston Clapp, Sr., Hous- 
ton, Texas; “Gains Make Profits’—Ray L. Cuff, 
Kansas City, Missouri. 

Thursday, December 6—Discussions on Uses of 
DDT—For Control of Insects Affecting Man, E. F. 
Knipling, Orlando, Florida; For Control of Insects 
on Livestock, W. G. Bruce, Savannah, Georgia; For 
Control of Household and Stored Products Insects, 
J. J. Davis, Lafayette, Indiana; For Control of 
sere, Insects, G. E. Carman, Riverside, 

California; “_DDT and Its Effect Upon Wildlife,” 
Clarence Cottam, Fish and Wildlife Service, De- 
partment of the Interior. 

The participation of Senor Delgado, representing 
the Mexican Department of Agriculture, inaugur- 
ated a practice of inviting our neighbor scientists 


to participate, which we sincerely hope may becom? 
a regular part of the procedure of the Association. 
In the past our neighbors from the North have 
taken an active and major part in the conduct of 
Association affairs, but this is the first time that 
our Mexican confreres have participated in a 
national meeting. 


REPORT OF THE SECRETARY-T REASURER 


Despite war time interruptions, the membership 
continues to increase. The remittance of dues to 
men in the service viewed as a gesture of those who 
had to stay on the job at home has been, I am sure, 
appreciated by the service men. It has a practical 
aspect as well; few have discontinued membership; 
most members have continued to take the JouRNAL. 
Both of these items are the opposite of what oc- 
curred during the first World War. Today we have 
1774 members, an increase of 130. There were 6 
deaths and 15 resignations and 21 were dropped. 
The Journat subscribers have increased from 2419 
to 2642. Industry, including the Pest Control 
Operators, is rapidly realizing its dependence upon 
the JourNAL for the last word on those things that 
vitally affect its business. 

The most noteworthy advance in Association 
matters is the formal inclusion of the North Central 
States Branch. For many years the members of this 
Branch have been loyal and active. The loosely knit 
organization has functioned effectively in serving 
the needs of the area. As a Branch they will con- 
tinue just as effectively and in addition will help 
the solidarity and increase the prestige of the parent 
Association. 

The immediate concern of this office is to make 
the Reemployment and Placement Service function 
effectively. The Committee consisting of Roger C. 
Smith, L. M. Peairs and your secretary has devised 
a questionnaire that has been sent to all members 
in the armed forces whose addresses are available. 
Returns that are coming in daily are being trans- 
ferred to a card system by Miss Margaret Walton, 
an entomologist with the Production and Marketing 
Division of the U. S. Department of Agriculture. 
Employers desiring the services of an entomologist 
can apply to this committee for assistance and al- 
ready several employers have been furnished names 
of prospects. Each employer is sent the names and 
references of the registrants that most nearly meet 
his specifications and the registrant is notified by 
card that his name has been submitted. Strangely 
enough, some returning entomologists are finding 
that changing conditions are making return to their 
old jobs most difficult so that some excellent men 
are available for new assignments. Employers are 
urged to avail themselves of the opportunity to get 
data in regard to the available returned entomolo- 
gists and any others who for any reason may want 
to make a change. The small registration fee will 
not begin to pay the costs of the service, but this 
Association can well afford to devote the necessary 
funds to insure reemployment and placement of 
all entomologists. 
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The new issue of Entoma is being mailed to all 
members. It is a splendid achievement, reflecting 
great credit upon George S. Langford, the Editor, 
and the Committee that worked with him. 

We regret that the Entomological Society of 
America is not meeting with us and it is — 
that the circumstances accounting for their absence 
will not be repeated in the near future. The Ameri- 
can Association for the Advancement of Science 
will not meet this year until March 27, in St. Louis, 
a date too far removed from our normal meeting 
date to permit us readily to meet with them. The 
Executive Committee realizes the advantages of 
meeting with the AAAS, but also recognizes a re- 
sponsibility to its membership in the South, South- 
west and West, areas distant from the area in which 
the AAAS normally holds its meetings. We are as- 
sured that next year the AAAS will return to the 
Christmas holiday time of holding its meeting and 
that at the St. Louis meeting a tentative schedule of 
meeting places will be worked out. With such a 
listing, it is quite likely that we can adjust our 
meeting places so that we can meet with the AAAS 
at least every other year. The Entomological So- 
ciety of America is anxious to meet at least every 
other year with the AAAS and such an arrangement 
should be be satisfactorily to all. 

There is need for a comprehensive report on the 
part that entomology played in the winning of the 
war. Possibly this is the function of the Committee 
on Coordination of Entomology with the War 
Effort. Certainly a permanent record of individual 
xeeenagm in the armed forces, the protection 
rom pests of food, fibre and structures and the 
work of development of the means for the control 
of insect vectors of disease and pestiferous arthro- 
pods should be prepared, published possibly as a 
supplement to the JouRNAL and an attempt made 
to publicize the essential part that entomology as a 
science and as a service has contributed to the 
national effort. 

The material for Index VII is now ready for 
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typing. The present bottleneck is the unavailability 
of typists. After typing, it goes to the taxonomists 
and finally to the Editor, Stanley E. Bromley. Miss 
Hawes is to be commended for her interest and 
polodeking care in assembling the essential data. 

ibly a change in the period covered by each 
volume may be necessary and desirable. 

The report of the Committee on Common Names 
emphasizes the need for prompt action in the sub- 
mission of new names and changes so that a con- 
solidated list may be published. There is a constant 
demand for the old list, copies of which are no 
longer available. 

It is a pleasure to acknowledge the gift of $500 
from Dr. Julius Hyman of the Velsicol Company of 
Chicago. This gift has been set aside in a separate 
savings account, as will appear in the Auditor's 
report, for such use in conformity with the terms of 
the gift, as the membership may determine. 

The Auditor’s report is as follows: 


EDWARD D. TREMBLY 


Certified Public Accountant 
College Park, Maryland 
November 29, 1945 
a boc) N. Cory 
rican Associaton . Economic Entomologists 


Callege Park 
I have an examination of the accounts and financial 
records of the American Association of Economie Entomologists 
for the fiscal period December 1, 1944 to November 20, 1945. In 
connection therewith, I have "reviewed the accounti pro- 
cedures of the Association, and without making a detailed audit 
of transactions, have examined or tested accounting records of 
the Association and other mnapeting avian, by methods and 
to the extent deemed appropriate. My examination was made 
in accordance with generally accepted auditing standards ap- 
plicable i in the circumstances and included all procedures which 
perme : the tatements of ts and 
opinion, accompanying statements of receipts an 
Fit vekan oases of the association, the Permanent Fund, and the 
Special Journal Savings Account pone fairly _ result of the 
Association’s operations for the fiscal period and the cash posi- 
tion of its funds at November 20, 1945. 
Very truly yours, 
Epwarp D. Tremsiy 
Certified Public Accountant 






FOR THE Fiscau Periop DECEMBER 1, 1944 TO NOVEMBER 20, 1945 

















Associ- Inoices’ Inpex Inpex Inpex 
Receipts: TorTau JOURNAL ATION I-V VI VII Vill 
Subscriptions Gosedistadcctee vues taeda vean $ 6,419.35 $6,419.35 
"ir tao, Ree 131.20 131.20 
0 GEE FOL EYER se 762.80 762.80 
BackNumbers and Miscellaneous. . aie 1,214.79 1,214.79 
RE Cs oo ee 2,776.25 $2,082.19 $ 350.50 $343.56 
Life Memberships. ...................6.. 100.00 100. 
NE EE RE eS Me ae 111.60 $ 58.80 $ 52.80 
ines ols dae be hs Sine « 50.00 50.00 
Reimbursement of Projection Costs at New 
Se edrvnan eee Pr ee 17.50 17.50 
a -Re-employment Placement 
On aes hale ns ave bin andabh's > 16.00 16.00 
Dotal Moatiotens. 6.5568. os ess $11,599.49 $8,628.14 $2,165.69 $ 58.80 $ 52.80 $ 350.50 $343.56 
Life Membership Receipts to be transferred 
to Permanent Fund Savings Account in 
Prince Georges Bank & Trust Co........ 100.00 100.00 0 0 0 0 0 
Adjusted Receipts.............-20-eseeeees $11,499.49 $8,528.14 $2,165.69 $ 58.80 $ 52.80 $ 350.50 $343.56 
Disbursements: 
Strety fond Accounting a ial. o She ees $ 108.00 $8 54.00 $ 54.00 
Sure nd for Seestany «. - 12.50 6.25 6.25 
posit Box Rental. . 3.60 3.60 
Prati LC eC Ree ke cise as sek es ee 5e > o 7,762.80 , 762.80 
Engravings, drafting, etc.................. 326.48 326.48 
Honorarium, Secretary, Business Manager. . 600.00 300.00 300.00 
Stenographic and Clerical..............+ 517.70 258.85 258.85 
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Traveling? 
Committee Expenses 
Branch Expenses: 
Cotton 
Pacific Slope 
North Central States 
P. , Stationery and Supplies 
Te one and Telegraph 
xpress 


Insurance on Books, Furniture and Equip- 
ment ($10.07 Unexpired Insurance as of 
November 30, 1945) 

Notary Fees 

Bank Service Charges 

New York Meeting Expenses, Projection, 
Badges, and 


4.50 
24,29 
174.06 


509.37 
20.95 


102.93 


205.96 
19.85 


4.50 
12.14 


174.06 





Total Disbursements $10,614.20 


$8,941.74 $1,672.46 0 0 0 0 





$ 885.29 


Excess of Adjusted Receipts Over Disbursements. 
4,832.45 


Add: Balance November 30, 1944 


$ 413.60* $ 493.23 $ 58.80 8 
1,116.37 


52.80 $ 350.50 $343.56 


4,504.18 438.61 2,804.80" 1,578.09 0 





Balance November 20, 1945 $ 5,717.74 


$ 702.77 $4,997.41 


$497.41 $2,752.00* $1,928.59 $343.56 








This Balance is Represented by the Following: 
Prince Georges & Trust Co. (Checking 
Account) : $ 3,817.74 
Less: Amount Due Savings Account for Life 
Memberships 100.00 
$ 3,717.74 


2,000.00 
$ 5,717.74 


U. S. Defense Bonds, Series G (24%) 
Total (As Above) 


1 Auditing and Accounting Fees: 1944, $43.00; 1945, $65.00 


2 Traveling. Includes Traveling Expense of President of Cotton States Branch, Secretary, and Business Manager to Dallas. 


* Deficit. 


STATEMENT OF PERMANENT FuND 


Balance, December 1, 1944 
Income for the period: 
Interest received from securities 
Interest received from savin 


Balance, November 20, 1945 
This balance is invested as follows: 


Securities: 
Province of Ontario 5’s 
U.S. Treasury Bonds 2's. . 
U. S. Savings Bonds, Series A. 
U. S. Savings Bonds, Series D 
U. S. Defense Bonds, Series G 


Total Securities. . .. 

Bank Deposit (Savings Account): 
Prince Georges Bank & Trust Co. (2%) r 
Due from checking account (Life Membership) 


Total Investment in Permanent Fund 


$26,354.27 


$27,353.67 








STATEMENT OF SPECIAL JOURNAL SAVINGS ACCOUNT 


Receipts: ‘ ; ‘ ms 
Gift—Dr. Julius Hyman of Velsicol Corporation, Chicago, Illinois 


This balance is represented by: ; 
Prince Georges Bank & Trust Co. (Savings Account) 


Most of the business transacted at the Executive 
Committee meeting is included in minutes of Fi 
Business Session as recommendations, all of which 
were approved. Items discussed at the Committee 
Meeting were largely the result of proposals made 
at the preliminary Business Meeting. Consequently, 
in order to save space the complete proceedings of 
the Preliminary Business Meeting are omitted. 
Items not submitted as recommendations are in- 
cluded in the minutes of the Executive Committee 
in the files of the Secretary. 


Report oF Finat Business Session 
December 6, 1945 


A. The Executive Committee recommended the 
following amendments to the Constitution, all of 
which were passed: 

1, Add to Article VI, Section 5, “Balloting by 
mail for any or all officers or upon any proposal 
may be authorized by the Executive Committee.” 

2. Change Article IV, Section 2 to read: “The 
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President, the retiring President, who shall be a 
member for two years, the Secretary-Treasurer, the 
First Vice-President and the Editor of the Journat, 
together with three active members, one of whom 
shall be elected each year for a term of three years 
shall constitute the Executive Committee, whose 
Chairman shall be the active President.” 

3. Add to Article III, Section 2 after “‘Active 
Members”—‘“‘by letters of: recommendation, fur- 
nishing the background of the applicant,” 

4. The following new procedures in the nomina- 
tion and election of the President and First Vice- 
President were approved by the Executive Com- 
mittee and announced so that a ballot may be taken 
at the next annual meeting on an amendment to the 
By-Laws to effect the changes: Add to Article II, 
Section 6 of the By-Laws, “except the President and 
First Vice-President who shall be nominated and 
elected as hereinafter provided.” “Three months 
prior to each annual meeting the Secretary shall 
invite each member of the special Nominating 
Committee consisting of the First Vice President, 
the Secretary, the three immediately preceding past 
Presidents, the three immediately preceding First 
Vice-Presidents and the Chairman of each of the 
Branches to select three names for President and 
three for First Vice-President. These names, ar- 
ranged alphabetically, for each office shall be sub- 
mitted to the members by the Secretary at the time 
the annual statements are mailed but not less than 
one month prior to the annual meeting with the 
request that they indicate their preference on the 
ballot to be returned in envelopes marked ballot. 
Members may vote for the candidates listed or 
write in names of their choice. The votes shall be 
tabulated by a special committee of members se- 
lected by the Secretary. The candidate respectively 
for President and First Vice-President who receives 
a majority shall be certified to the regular Nominat- 
ing Committee, which shall announce the result at 
the ensuing annual meeting. 

B. The following change in the composition and 
charter of the Committee on Popular Entomological 
Education were approved. The continuance of a 
Committee on Popular Entomological Education 
is recommended to carry on the duties originally 
assigned when the Committee was created. 

In addition to these duties, it is suggested that 
the Committee develop a plan to supply to editors 
of popular, trade, commodity association maga- 
zines, the commercial press and such other avenues 
as might carry entomological subject matter to the 
general public the basic scientific data from which 
popular articles might be developed. 

The present Committee is commended for the 
excellent work which they have accomplished. In 
order to facilitate the enlarged scope of activities 
above suggested, it is recommended that the present 
Committee be discontinued and a new method for 
selection of membership be adopted. The Chair- 
man, as representative of the Association shall be 
nominated and elected by the Association and shall 
serve for a period of three years. Four additional 
members, each to represent a separate Branch, shall 
be elected by the Branches to serve for a period of 
one year or until their successors are chosen. _ 

It is further provided that the incoming Presi- 
dent of the Association shall appoint one member 
to represent each of the four Branches who will 
serve until members are elected at the next annual 
meeting of each of the Branches. ; 

C. “The Executive Committee in conference with 
past Presidents Bishopp, Davis, Houser, Parker, 
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Sanders and Sherman decided to obtain from the 
members present at the final business session an 
expression with regard to the donation of $2,000 to 
the building fund of the American Association for 
the Advancement of Science. This sum is to be 
taken from the Permanent Fund upon approval by a 
% majority of all members voting in a letter ballot.” 
This was unanimously endorsed by the past Presi- 
dents, approved by the Executive Committee and 
passed by the members without dissent. 

D. The Executive Committee requests the Pub- 
lication Committee to make recommendations in 
regard to the expenditure of the Special Journal 
Saving Fund. Approved. 

E. Since the size of the Index to the Literature of 
American Economic Entomology on the five year 
basis is becoming unwieldy and the task of tran- 
scribing the records from the cards under present 
conditions is extremely difficult, the Executive 
Committee recommends a change to a yearly basis 
subsequent to the period covered by Volume VII 
and that hereafter the yearly volumes be furnished 
to the membership unbound in order that each 
member may assemble and bind subsequent issues 
in such manner as each may determine as most 
usable. 

F. The Executive Committee recommended and 
the meeting approved the addition of three ex- 
officio members to the Grasshopper Research Com- 
mittee as recommended in the report of that Com- 
mittee which appears elsewhere. 

G. The Executive Committee recommended that 
the Post War Planning Committee be discontinued 
and the thanks of the Association be extended to the 
membership. Approved resolutions proposed by the 
Committee will be given given consideration by the 
Executive Committee. 

H. The Secretary was authorized to attend 
Branch meetings in the mutual interest of the 
Branches and the Association whenever desirable 
and practicable, at the expense of the Association. 

I. Determination of the place of meeting for 
next year was deferred until after the meeting of 
the AAAS in St. Louis on March 27 in order that the 
schedule of that Association may be considered in 
the preparation of our plans. The final decision as to 
time and place was left to the Executive Com- 
mittee. 

J. The Association approved the petition of a 
group of members for the formation of a SECTION ON 
INsEcTICIDEs and the officers who had been nomi- 
nated. The statement of objectives and procedure 
is published elsewhere in these proceedings. 

K. The report of the Resolutions Committee, 
which appears elsewhere in these proceedings, was 
adopted. 

L. The report of the Nominating Committee was 
accepted and newly elected President Clay Lyle, 
was escorted to the chair by Past-presidents F. C. 
Bishopp and Franklin Sherman. 


New BvusIness 


Dr. Peairs moved that the scope of the duties of 
the Committee on Common Names of Insects be 
extended to include the following: A. The Commit- 
tee may propose common names for any insects for 
which a need may become apparent and submit 
these for approval along with lists of names proposed 
by others, especially when it seems that this will 
prevent confusion in the literature. B. The commit- 
tee may modify, editorially or otherwise, existing 
common names in any case where uniformity will be 
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promoted or confusion avoides by such action. 
C. The committee shall prepare a list of common 
names for groups of insects, especially families, and 
submit such names for the approval of the member- 
ship as is done for names of species. The list shall 
include such long-standing common names as are 
deemed satisfactory and others as the committee 
may decide. An initial list of group names will be 
prepared and additions to the list made from time 
to time in the future as they seem to be needed and 
available in satisfactory form. Carried. 

A motion was made and passed that the meeting 
be adjourned. 





PROPOSED SECTION ON 
INSECTICIDES 


In accordance with Article 2, Section 2 of the 
Constitution of the American Association of Eco- 
nomic Entomologists, the undersigned hereby peti- 
tic.a for the establishment of a SECTION ON IN- 
SECTICIDES. 

The aims and purposes of this section are as fol- 
lows: 

a. To promote and develop a free exchange of in- 
formation, ideas and opinions among those engaged 
in the study of insecticides. 

b. To provide a forum for the informal discussion 
of technical problems relating to the development of 
chemicals and their application for the control of 
insects and related pests. 

Procepvre: Meetings shall be held, in connection 
with the annual meetings of the Association, at such 
times as may be convenient and as are not in con- 
flict with the scheduled meetings of the Association 
as a whole. 

Presented for approval at the Annual Meetings 
of the Association held at Dallas, Texas, December 
3-6, 1946, bearing the signatures of the following 
members who recommend the approval and estab- 
lishment of the Section. 


Harry F. Dietz 
Roy HAaNsBERRY 
GeEorGE C. DECKER C. P. CLAUSEN 
Haroip WaTERS J. L. Horsratu 

G. E. CARMAN C. O. Eppy 

C. S. Harris E. N. Cory 

L. M. Peatrs F. C. Bisnopr 
Howarp A. JONES D. L. Van Dine 
Rorert L. Mretcautr Outver I. Snapp 
E. F. Knreiine Gero. M. List 

J.J. Davis A. F,. Kirkpatrick 
J. G. SANDERS W. A. Price 
Francis E. CarrRoLuL S. C. Dorman 
Joun T,. CREIGHTON K. M. Kine 


Subject to the approval of the Nominating Com- 
mittee and the Association, officers of the Section 
were proposed as follows: President, George C. 
Decker, Secretary, C. S. Harris. 


Geo. S. LANGFORD 
S. W. Bilsing 





REPoRT OF THE RESOLUTIONS 
COMMITTEE 
The Committee on Resolutions submits the fol- 
lowing report: : 
1. Wuereas: The members of the American Asso- 
ciation of Economic Entomologists, in attendance 


period of assem 


2. 


at the fifty-seventh annual meeting of this Asso- 

ciation held in Dallas, Texas on December 8 to 6, 

1945, have i, a most pleasant and profitable 

age. 

Therefor, be it resolved: that we hereby express 

our cordial appreciation to the following individ- 

uals and agencies who made this occasion possi- 
ble. 

a. Dr. E. W. Laake and members of the local 
committee on arrangements for working untir- 
ingly in the interests of all in attendance. 

. The members of the Program Committee for 
an excellent program which was formulated on 
such short notice. 

. The members of the Texas Entomological So- 
ciety and the Cotton States Branch of the 
American Association of Economic Entomolo- 
gists for serving as hosts and holding their an- 
nual meetings with the Association. 

. The entire administrative and operational 
personnel of The Hotel Adolphus for making 
every effort to fulfill our requirements. 

. The authorities of the Mexican Department of 
Agriculture for sending such an able and per- 
sonable representive as Ing. Alfonso Delgado 
de Garay. 

. Dr. S. W. Geiser of the Southern Methodist 
University for his excellent address which was 
presented as a feature of the annual banquet. 

g. Our President and Secretary for so ably fulfill- 
ing their duties during the meeting, and 

h. The members of all three organizations who 
made presentations during the several sessions. 

Wuereas: Many members of our Association in 

the armed forces, U. S. Public Health Service and 

other agencies, have made great contributions in 
the winning of the war that has been terminated 
during the present year. 

Tuereror, Be It Reso.vep: That we hereby 

extend our heartfelt thanks and admiration and 

wish them Godspeed in future years wherever 
they may be called upon to serve. 


. Wuereas: The names of leading economic ento- 


mologists were not starred in the first seven edi- 
tions of American Men of Science because the edi- 
tor did not invite such nominations; and that 
since it would seem desirable to accord such rec- 
ognition to men of accomplishment in economic 
entomology and other applied sciences. 
Tuereror, Be It Resotvep: That the Execu- 
tive Committee of the American Association of 
Economic Entomologists be instructed (1) to sug- 
gest to the publisher of the next edition of Ameri- 
can Men of Science that the starring system be ex- 
tended into the Applied Sciences and (2) to offer 
to the publisher the facilities of the Association to 
assist in working out an equitable procedure for 
the determination of the names of economic en- 
tomologists to be starred. 


. Wuereas: The danger of introduction of new in- 


sects which might cause untold damage to agri- 
ae crops has been great during war years, 
an 

Wuereas: The sooner a new pest may be de- 
tected following introduction, the greater the pos- 
sibility of successful eradication efforts, and 
thereby prevent continuous loss in agricultural 
production, and 

Wuereas: Such infestations are more likely to be 
discovered early by carefully planned field sur- 
veys with trained workers. 

Tuereror, Be It Resotvep: That the Ameri- 
can Association of Economic Entomologists indi- 
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cate to its members the possible desirability of 
bringing to the attention of all agricultural inter- 
ests and agencies the apparent need for National 
and local field surveys for such new introductions, 
and the value derived therefrom. 

5. Wuereas: It is recognized that the pink boll- 
worm is the most destructive insect known to in- 
fest cotton, and whereas since an insignificant 
infestation of this insect found in the lower Rio 
Grande Valley of Texas and Mexico in 1936 has 

d, in spite of all suppressive efforts, along 

e Gulf Coast and to points in Louisiana, involv- 
ing in Texas about 725,000 acres and 5,000 more 
in Louisiana, and 
Wuerzas: The pink bollworm infestation in West 
Texas is steadily moving eastward so that it 
now lacks only 100 miles of reaching the rich 
blackland cotton belt of Central Texas, and 
Wuereas: It is evident that the suppressive 
measures, even though successful in individual 
localities, have not been adequate as shown by the 
continuous spread, involving three-quarters of a 
million acres in South Texas and over a million 
acres in West Texas. 
Tuereror, Be It Resotvep: That the Ameri- 
can Association of Economic Entomologists rec- 
ommends to the Bureau of Entomology and Plant 
Quarantine of the U. S. Department of Agricul- 
ture and to the’appropriate agencies of the states 
concerned that more stringent measures be ap- 

lied, including requests for any additional legis- 
fation deemed advisable. 
Be Ir Furtner Resotvep: That our Secretary 
be instructed to send copies of this resolution to 
the Secretary of Agriculture, the Chief of the Bu- 
reau of Entomology and Plant Quarantine, the 
Chairmen of the Subcommittees of Congress on 
Agricultural Appropriations and to the State 
Commissioners of Agriculture of Louisiana, Texas 
and New Mexico. 

6. Wuereas: Dr. L. O. Howard and Dr. Herbert 
Osborn occupy a unique spot in the hearts of 
applied entomologists, 

Tuereror, Be Ir Resotvep: That our Secre- 
tary be instructed to forward them our sincerest 
greetings and best wishes. 

7. Wuereas: God in his infinite wisdom has seen fit 
to call from our ranks such worthy members as: 
Thomas M. Cannon, Thomas W. Johnson, 
John D. Maple, Max Rukin, H. G. I. Sameth and 
Ralph H. Smith. Members who died during the 
year 1944 include the following: Eugene W. Men- 
denhall, E. W. Berger, Harrison Garman, Louis 
M. Scott, P. H. Rolfs, William R. West, M. C. 
Tanquary, J. R. Horton, E. D. Sanderson, D. B. 
Mackie, V. I. Safro, Charles B. Beckwith. 
Tuereror, Be It Resotvep: That we pause 
briefly in our deliberations to pay our respects 
to these departed members, and instruct our Sec- 
retary to express officially our genuine sympathy 
to the nearest relatives. 

Guy F. MacLzop 


K. M. Kine 
Epxriam Hixson GrorcE 8S. LANGFoRD 


Joun T. CreicutTon, Chairman 
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Association of Economic Entomologists: 
The Nominating Committee makes the following 
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recommendations for officers, members of commit- 
tees, trustees, representatives and councilors for the 
year 1946: 

President: Clay Lyle 

First Vice-President: H. G. Crawford 

Vice-Presidents (Chairman of Branches and Sections) 


H. F. Dietz Eastern Branch 

R. C. Gaines Cotton States Branch 

H. J. Ryan Pacific Slope Branch 

J. J. Davis North Central States Branch 

Roger B. Friend Section of Plant Pest Con- 
trol & Quarantine 

F. L. Thomas Section of Apiculture 

R. W. Leiby Section of Extension 

R. C. Smith Section of Teaching 

George C. Decker _ Section on Insecticides 

Branch and Section Secretaries: 

B. F. Driggers Eastern Branch 

H. T. Creighton Cotton States Branch 

Roy E. Campbell _ Pacific Slope Branch 

M. D. Farrar North Central States Branch 


Roy G. Richmond Section of Plant Pest Con- 
trol & Quarantine 


W. A. Price Section of Apiculture 
E. Hixson Section of Extension 
W. P. Hayes Section of Teaching 
C. S. Harris Section on Insecticides 


Executive Committee: 

Clay Lyle, Chairman (ex officio) 
D. L. Van Dine (1947) 
G. M. Bentley (1948) 

Committee on Membership: 

H. L. Sweetman (1947) Chairman 
C. H. Batchelder (1946) 

A. D. Borden (1946) 

A. B. Baird (1947) 

L. L. English (1948) 

J. C. Gaines (1948) 

Committee on Common Names of Insects: 
C. F. W. Muesebeck (1947) Chairman 
H. M. Harris (1948) 

F. W. Poos (1948) 

Publications Committee: 

J. J. Davis (1948) Chairman 

S. E. Flanders (1948) 
Program Committee: 

C. E. Palm (1948) 

Committee on Codling Moth: 

B. A. Porter (1947) Chairman 
Dwight Isely (1948) 
W. J. O'Neill (1948) 

Committee on Insecticide Terminology: 
C. H. Richardson (1948) Chairman 
H. H. Shepard (1950) 

Committee on Popular Entomological Education: 
M. P. Jones (1947) Chairman 

Committee on Cooperation with Pest Control Operators: 
E. G. Linsley (1946) Chairman. 
F. W. Fletcher (1948) 

Committee on Relation of Entomology to Conservation: 
S. A. Graham (1946) Chairman 
R. D. Glasgow (1948) 

H. B. Mills (1948) 

Committee on aaah Ch Research: 

J. H. Pepper (1947) Chairman 
Claude Wakeland, ex officio 

J. R. Parker, ex officio 

R. H. Handford, ex officio 

D. A. Wilbur (1948) 

H. L. Seamans (1948) 

G. C. Decker (1947), 

C. E. Mickel (1946) 
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Board of Trustees of the Permanent Fund: 
Clay Lyle, ex officio 
H. B. eiss (1948) 
Trustees for Crop Protection Institute: 
A. M. Boyce (1946) Chairman 
H. D. Tate (1948) 
Representative on Council of Union of Biological Socie- 
tres: 
R. B. Friend (1947) 
Councilors for the American Association for the Ad- 
vancement of Science: 
R. C. Smith (1948) Alternate 
Representative to the National Research Council: 
P. N. Annand (June 30, 1949) 


Adjustments have been necessary in the composi- 
tion of the Membership Committee to bring it in 
line with the wishes of the Association as expressed 
by vote at previous meetings. The Committee orig- 
inally consisted of 3 members, appointed by the 
President for one year. In 1913 the constitution was 
amended, making it a standing committee, with one 
new member elected each year and thus establishing 
a 3-year term for the rate In 1939 the Commit- 
tee was enlarged to 5 and in 1940 to 6, but no provi- 
sion was made for a fixed term of office. With 6 
members it was obviously the intent of the Associa- 
tion in approving the increased number, to continue 
the 3-year term. Accordingly, 5 members of the pres- 
ent committee who have served for 3-5 years are 
being replaced by the same number of new members, 
with their terms adjusted so that, hereafter, 2 new 
members will be elected each year. 

It is recommended that the necessary steps be 
taken to amend the Constitution to provide for the 
3-year term of members of the Committee on Mem- 
bership. 

H. F. Diez C. H. Richarpson 

C. P. Cuausen, Chairman 





REPORT OF THE SECTION OF 
EXTENSION 


The Extension Entomologists’ Program: 

1. Extension Entomology in the South and West— 
M. P. Jones, leader, presented Mr. E. C. Martin, 
Specialist Supervisor, Texas Extension Service. 
Mr. E. C. Martin discussed the relation of the 

specialist and district agent. In Extension work, the 
district agent is the key man. He should go with the 
specialist and learn his problems. He should inform 
himself so that he can do follow-up work with the 
county agent. 

The specialist is the salesman. He should sell the 
district agent on his program first. Always use simple 
language. Discuss insecticides by brand names and 
on their merits good or bad. " 

Educate the administration. They know too little 
about the entomologists’, field and its importance. 

Train the 4-H Club. 

Believe in your program and sell it on its merits. 
2. Livestock Insect Control in an Extension Pro- 

gram—J. N. Roney, discussion leader. 

3. DDT in Extension Work—Clay Lyle, leader. 

4. New Problems, Methods and Programs—W. C. 
Nettles, leader. 

R. W. Leiby was elected chairman for 1946 and 
Ephriam Hixson was elected secretary. 
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SECTION OF APICULTURE 


The Section of Apiculture held its meeting in the 
afternoon of December 4, 1945 in the Danish Room 
of the Hotel Adolphus, Dallas, Texas. The Chair- 
man, Robert S. Filmer, presided over a program con- 
sisting of eight numbers, two of which were read by 
title only. The principal discussions centered around 
such live topics as nectar secretion from white dutch 
clover and red clover, pollen substitutes, pollination 
of alfalfa flowers by insects, bee poisoning and the 
control of American foulbrood through the use of 


gs. 
Based upon the report of the nominating commit- 
tee and subsequent election, the officers for the com- 
ing year will be: F. L. Thomas, Chairman; W. A. 


Price, Secretary. 
W. A. Price, Secretary 





REPORT OF THE COMMITTEE ON COMMON 
NAMEs OF INSECTS 


Early in 1945 ballots containing 51 new common 
names and 7 proposals for changes in previously ap- 
proved names were distributed to the membership 
of the Association. Twenty-six of the new common 
names were approved but none of the proposed 
changes was accepted. A list of the approved names 
was published (Jour. Econ. Ent. 38: 515. 1945). 

Since there is continued demand for reprints of the 
list of common names published in 1942 and the sup- 
ply is exhausted, the Committee recommends that a 
new complete list be published in 1946. This would 
include the names approved in 1945 and any that 
may be approved from a list which it is proposed to 
submit for vote early in 1946. Forty-two names are 
now on hand for the Committee’s consideration. To 
obviate the necessity for annual voting and publica- 
tion of supplementary lists of approved common 
names, the next complete list ought to include as 
many as possible of the insects not now represented 
for which authorized common names should be avail- 
able. The Committee urges, therefore, that members 
of the Association review the situation in the fields 
of their individual interests immediately and submit 
any proposals to the chairman. Each proposal should 
be supported by a brief statement explaining why 
the suggested name is considered appropriate. 

U. C. Lorrimn* E. H. StricKLanp 

J.S. Houser Don C. Mote 

CLauDE WAKELAND C. F. W. Murseseck, 

Chatrman 

* Necea Sed. 





Report oF THE Boarp or TRUSTEES OF 
THE PERMANENT FUND 


The Auditor’s report shows the status of the Per- 
manent Fund and requires only brief comment. Five 
thousand dollars in savings bonds were called as of 
November 1, 1945. These were forwarded to the 
Federal Reserve Bank by the Prince Georges Bank 
and Trust Company as our agent and subsequent to 
the audit, a check was received which was used by 
directions of the Trustees in the purchase of a like 
amount of Series G Bonds. These will appear in the 
list of securities for next year. One life membership 
fee was added to the fund in 1945. 

F. C, Bisnope C. J. Drake 

D. L. Van Dine H. S. Surra 

E. N. Cory, Chairman 





108 


REPORT OF THE MEMBERSHIP COMMITTEE 


The membership committee submits the following 
report for the year 1945. 

Six members have died during the year, as fol- 
lows:— 


Thomas M. Cannon 
Thomas W. Johnson 
John D. Maple 


Fifteen members have resigned and 21 have been 
dropped from the membership rolls. 

The name of Nellie M. Payne, Stamford, Conn., 
has been added to the list of life members. 

The applications of the following men have been 
received and considered and the applicants are 
recommended for membership. 

G. M. BentTLEY Leroy CxiLps 

S. W. Brisine, Chairman 


Max Rukin 
H. G. I. Sameth 
Ralph H. Smith 


Memsers ELEcTED, 1945 


Allen Clyve C., Box 51, Cyril, Okla. 

Alex, Alfred H., Apicultural Lab., R. 1, Box 368, 
San Antonio, Tex. 

Ball, Wm. Howard, 1861 Ingleside Terrace, Wash- 
ington 10, D.C. 

Bassen, Jonas L., 415 Federal Bldg., Buffalo 3, N.Y. 

Batte, Edward G., 107 Brown, Waxhachie, Tex. 

Bechtel, Ray V., 4548 Grand River Ave., Detroit, 
Mich. 

Bess, Henry A., 56 Hillhouse Ave., New Haven, 
Conn. 

Brannon, David H., Washington State College, 
Pullman 

Breland, Osmond P., Dept. of Zoology, Univ. of 
Texas, Austin 

Brookman, Bernard, U. S. Pub. Health Ser., C. G. 
Office, Navy No. 48, F.P.O. San Francisco, Calif. 

Brothers, William C., Ist. Lt., SnC., Station Hosp., 
Camp Fannin, Tex. 

Bruce, Willis N., 811 West Ill. St., Urbana, Ill. 

Buchholz, James Harry, 6742 Windsor Mill Rd., 
Woodlawn, Md. 

Capps, Hahn W., U.S.N.M., Washington 25, D.C. 

Carson, Nathan B., 741 W. Colonial Drive, Orlando, 
Fla. 

Chapman, R. Keith, Univ. of Wisconsin, Madison 

Cooper, Roy, Sheridan, Wyo. 

Cuff, Ray L., National Livestock Loss Prevention 
Board, Kansas City 15, Mo. 

Cummings, Walter S., Box 127, Santa Barbara, 
Calif. 

Daggy, Richard H., Univ. Farm, St. Paul, Minn. 

DuPree, Minter, Agr. Expt. Sta., Experiment, 
Ga. 

Dutton, Jim R., B.E.P.Q., U.S.D.A., Denver 3, 
Colo. 

Eavis, Henry J., Jr., E. I. DuPont Co., Sodus, N.Y. 

Eddy, C. Brayton, Zoological Park, New York 60, 
N.Y 


Eddy, Gaines W., Box 3391, Orlando, Fla. 

Eshbaugh, Elbert L., Kansas State College, Man- 
hattan 

Fan, Hsing Yun, University Farm, St. Paul, Minn. 

Favinger, John J., 350 N. Clark St., Chicago 10, Ill. 

Ferguson, Frederick F., Carter Memorial Lab., 
Savannah, Ga. 


Ford, E. Paul, Nankin, Ohio 
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Forde, Ernest L., 2247 Waikolu Way, Honolulu 20, 
Hawaii 

Fu, Sheng-fa, University Station, c/o K. L. Cocker- 
ham Baton Rouge 3, La. 

ok Deane P., 197 Amherst Ave., Berkeley, 

if. 

Gaddis, Carl H., B.E.P.Q., U.S.D.A., Trenton, N.J. 

Grau, Fred V., Plant Industry Sta., Beltsville, Md. 

Gregg, Paul, College Station, Tex. 

Guillory, Yves, U.S. Naval Hosp., New Orleans, La. 

Hanna, Lester W., Hillsboro, Ore. 

os ieee Lyman S., Research Center, Beltsville, 

Hinkle, Galen A., 919 N. Michigan Ave., Chicago, 


Ml. 

Hodgden, Burton B., Station Hosp., Camp Gordon 
Johnston, Fla. 

_— John E., Jr., 1950 N. 11th St., St. Louis 6, 

Oo. 

Howe, Wayne L., 2360 Birch St., Denver 7, Colo. 

Howe, William H., 822 E. 11th St., Ottawa, Kan. 

Hoyle, W. L., Neodesha, Kan. 

Hunt, Olen E., Box 1538, State College, Miss. 

Hurtig, Henry, 207 Agricultural Hall, Univ. of 
California, Berkeley 

Hutton, R. W., Shell Oil Co. of Canada Ltd., 
Toronto, Ontario 

Incho, Harry H., Sgt., Sq. A-Hdqs. 999th AAFBU 
(AFCTR), OAAB, Orlando, Fla. 

Jackson, Thomas Conrad, 623 E. 52nd St., Los 
Angeles 11, Calif. 

— Edward S., 634 E. Kingsley Ave., Pomona, 

alif. 
woe Joseph F. T., 686 Stewart Ave., Ithaca, 


Johnson, Nels J., 1212 Elmwood Ave., Evanston, II. 

Jones, Merriam Arthur, Federal Expt. Sta., Maya- 
guez, P.R. 

Keener, George G., Jr., Health and Safety Dept., 
T.V.A., Wilson Dam, Ala. 

Keil, Harry L., Taft Laboratory, Rhode Island 
State College, Kingston 

Keiser, Irving, 716 Joseph Ave., Gulfport, Miss. 

— Michael J., 1708 Reisterstown, Pikesville 8, 


Knapp, Virgil Robert, Central Dispensary, N.A.S., 
Corpus Christi, Tex. 
Konkright, Blaine J., Court House—Agr. Ext. 
Service, Salinas, Calif. 
Krausche, Kenneth K., 134, Crestview Court, 
Carlestown, Ind. 
Kyd, Sterling, Columbia, Mo. 
Laird, Raymond L., School of Public Health, Ann 
Arbor, Mich. 
Leefmans, S., 11 Brederolaan Heemstede-Aerden- 
hourt, Holland 
wean Ralph W., 1023 S. Walnut St., San Gabriel, 
alif. 
Liston, B. E., Box 1413, Bay City, Tex. 
Logothetis, Clearhos, Cornell Univ., Ithaca, N.Y. 
Look, William C., 979 Manono St., Hilo, Hawaii 
Lunsgrtom, Leon G., Kansas State College, Man- 
hattan 
ee Laurence D., Box 589, Lancaster, 
if. 
McCreight, Warren T., Box 272, Natchez, Miss. 
McDuffie, William C., Box 3391, Orlando, Fla. 
McEachern, E. H., Box 344, Florala, Ala. 
wm Harry L., 1119 Del Rey Ave., Pasadena 7, 
alif. 
Massey, Calvin L., 116 No. Grant, Ft. Collins, Colo. 





February 1946 PRocEEDINGS OF THE Firty-SEVENTH ANNUAL MEETING 


—_— Stanley M., 808 N. Spring St., Los Angeles, 

Calif. 

Maughan, Douglas B., 1852 Washington Ave., 
Hollywood, Fla. 

Miles, Virgil I., 4th Service Command Med. Lab., 
Ft. McPherson, Ga. 

Miller, Marvin P., 1833 E. Foothill Blvd., Glendora, 
Calif. 

Miller, Ralph H., 581 Euclid Ave., Apt. 5, Upland, 
Calif. 

Morland, Harold L., 957 Williams Blvd., Springfield, 
Ill 


Mortensen, F. C., Lt. Col., Sn. C. Station Hosp., 
Jefferson Barracks 23, Mo. 

Moyer, S. R., R. 1, Box 88, Saratoga, Calif. 

Murson, Sam C., Research Center, Beltsville, Md. 

Mulrennan, John A., State Health Dept., Jackson- 
villa, Fla. 

Murphree, L. C., State College, Miss. 

Nailon, William T., Sgt., ASN 18129783, 19th Med. 
Gen. Lab., APO 75, PM, San Francisco, Calif. 

Nelson, Charles E., Jr., Grasselli Chemical Dept., 
Du Pont Co., Wilmington, Del. 

Nottingham, Edward, Box 3391, Orlando, Fla. 

Nye, William P., 191 South 3rd West, Logan Utah 

O’Bryne, Harold L., R. 1, Box 792, Glencoe, Mo. 

Papke, Clifford C., R. 1, Box 67, Murphy Ranch, 
Whittier, Calif. 

Patrich, Robert, c/o Industrial Fumigation Co., 415 
Greenwich St., New York 13, N.Y. 

Peterson, A. G., 1849 McClelland St., Salt Lake 
City, Utah 

Peterson, Randolph L., Roanoke, Tex. 

Powers, William J., 107 Church St., Watertown 73, 
Mass. 

Prickett, Herbert B., 489 Paseo Encinal, San An- 
tonio, Tex. 

Pritchard, A. Earl, State Board of Health, Jackson- 
ville, Fla. 

Randolph, Tom B., Box 248, San Saba, Tex. 

Riedeburg, Ted, 63 Walton Ave., White Plains, N.Y. 

Riegel, Garland T., Capt., Sn. C., S.C.U. 1493, 
Welch Conv. Hosp., Daytona Beach, Fla. 

Riethke, Milton K., 2120-17th St., Port Arthur, Tex. 

Robb, Theodore R:, 1926 E. C St., Torrington, Wyo. 

Roberts, William C., 102 King Hall, Univ. of Wis- 
consin, Madison 

Robinson, John H., Box 3391, Orlando, Fla. 

Ross, H. H., Natl. History Survey, Champaign, III. 

Sanders, Earl, 945 Richland, Santa Ana, Calif. 

Salas, Luis Angel, Apartado 1559, San Jose, Costa 
Rica 

Sarkaria, Daljit Singh, Comstock Hall, Cornell 
Univ., Ithaca, N.Y. 

Scholl, Jesse M., 489 N. Murray St., Madison, Wis. 

Seaver, Henry B., 12 Whitehouse Ave., Pough- 
keepsie, N.Y. 

Sherman, Martin, Cornell Univ., Ithaca, N.Y. 

Siems, H. B., Swift and Co, Plant Food Division, 
U.S. Yaris, Chicago 9, Il. 

Smith, J. T., Geo. H. Lee Co., 1117 Harney St., 
Omaha 8, Neb. 

Smith, Thos. L., 1000S. Carolina, Baltimore 31, Md. 

Snyder, Everett G., 1739 Gerrard Ave., Columbus 8, 
Ohio 

Spear, Philip J., Charlemont, Mass. 

Stanger, Neal W., Jr., Box 488, Ukiah, Calif. 

Strandtmann, Russell W., Univ. of Tex.; Med. 
Branch, Galveston, Tex. 

Strong, Rudolph G., Box 1238, State College, Miss. 

Tandy, Clyde, Los Fresnos, Tex. 
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— John E., State Board of Health, Little Rock, 


Thatcher, Theodore O., River Heights, Logan, Utah 
Thoeni, H., 317 Del Rey Ave., Pasadena 8, Calif. 
ee A. Robert, 806 Foxdale Ave., Winnetka, 


Thompson, Robert R., 120 Prospect Place, Ruther- 
ford, N.J. 

Townsend, K. H., 187 W. Lovera Drive, San An- 
tonio 1, Tex. 

Trimbos, C. A., 4019 Lemmon Ave., Dallas 4, Tex. 

— A. Robert, 844 Bellmore Ave., Bellmore, 


N.Y. 

Turnipseed, G. F., Orlando, Fla. 

Viale, Emilio, Estacion Experimental Agricola, 
Tingo Maria, Peru 

Washburn, Richard H., Cornell Univ., Ithaca, N.Y. 

Wehrle, John S., 1011-19 St., Altoona, Pa. 

Wellman, Richard H., Boyce Thompson Inst., 
Yonkers 3, N.Y. 

Wharton, Malcolm F., Box 2828, Phoenix, Ariz. 

Wilcomb, Howard H., Room 600, 808 N. Spring St., 
Los Angeles 12, Calif. 

Willis, Edwin R., Capt., SnC, 0865167, M.D.R.P., 
O'Reilly G. H., Springfield, Mo. 

Wipprecht, Read, College Sta., Tex., Box 4167 

Wood, Stephen L., River Heights, Logan, Utah 





REPORT OF THE COMMITTEE ON INSECTI- 
CIDE NOMENCLATURE 


A Gute To INsEcTICIDE NOMENCLATURE 


Chemicals. The first reference to a chemical in the 
text of a JourNAL article shall use the terminology 
as given in the indexes of Chemical Abstracts is- 
sued subsequent to 1937. Where a new chemical 
not listed in Chemical Abstracts is named, rules 
of nomenclature followed by Chemical Abstracts 
shall be used. At the author’s discretion, abbrevia- 
tions, simplified, common, or pharmaceutical 
names may be used, if such names are associated 
with the correct name where first used. 


Examples of proper usage: 

1. “Toxicity of DDT and pyrethrum to Chaoborus 
punctipennis.” Arthur W. Lindquist and R. C. 
Bushland. The new insecticide, DDT (2,2-bis- 
parachloropheny])-1,1,1-trichloroethane) has, 
been tested... . 

. Only one application was made, and with the 
exception of corrrosive sublimate (mercuric 
chloride) and dichloroethyl ether, all treat- 
ments were used as dusts. Calomel (mercurous 
chloride) was prepared. . . . 


Chemical Formulas. The use of chemical formulas 
shall be at the discretion of the author and the 
editor of the JourNAL. As a guide the author shall 
use formulas only where the printing is simplified 
(HgCl for mercurous chloride) or occasionally 
where such use will help the reader visualize the 
structure of a complex organic chemical. Struc- 
tural formulas of complex organic compounds 
should be used only when necessary to convey in- 
formation not readily adapted to standard type. 
Abbreviations of certain formulas used in Chemi- 
cal Abstracts (such as EtOH for ethyl alcohol) 
shall not be used in the JouRNAL. 
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Botanicals. The first reference to an insecticide of 
plant origin (other than rotenone, nicotine. or 
pyrethrins) shall be in — with the sci- 
entific name and author of the plant species. Com- 
position of insecticides based on plant products 
shall be specified wherever possible (dust contain- 
ing 10 per cent ground root of Derris malaccensis 
(Benth.) Prain; 0.1 g. pyrethrins per 100 g. of 
pyrethrum mare). 

Minerals and Mixtures. Reference must be made to 
both trade name and mineralogical name in case 
of minerals or trade names and their approximate 
chemical composition or physical properties in 
case of such mixtures as kerosene, London Purple 
or DD soil fumigant. 

Abbreviations. It is not the present intention of the 
Committee to suggest abbreviations for other than 
quantitative terms. For such terms Chemical Ab- 
stracts shall serve as a guide. 

Trade-Marked Names. These shall be used (1) onl 
for the purpose of simplification following a full 
statement of forumulation or, (2) where the com- 
position of the mixture is known not to have been 
recently changed and the manufacturer has stated 
in good faith that the composition will not be 
changed in the future. Wherever practicable, trade 
marked names should be relegated to a footnote 
and a simple but adequate chemical name be used 
in the text and tables. 

Definitions. Definitions acceptable to all Entomolo- 
gists can only be established after considerable dis- 
cussion. Until subsequent committees are able to 
establish such definitions, those given in Phyto- 
pathology 33 (7): 624-625, July, 1943 shall be, 
used. Special care shall be taken to adhere strictly 
to accepted scientific usage of such non-scientific 
terms as spreader, sticker, average particle size, 
and residue. 

General. It is neither the desire nor the intent of the 
Committee to provide an inflexible lexicon of in- 
secticidal terminology. The foregoing guide to 
nomenclature is offered as an initial effort to unify 
usage of terms often employed in discussing insecti- 
cides. If an author is guided by the fact that his 
contribution must have meaning and provide 
knowledge to Entomologists in foreign countries 
during future years the use of trade names, names 
of mixtures and minerals, and of technical terms 
will be adequate and descriptive. 

M.D. Vinnai R. C. Roark 

C. H. RicharpDson J. R. Ever 

Roy Hansserry, Chairman 





Report OF THE COMMITTEE ON POPULAR 
ENTOMOLOGICAL EDUCATION 


The report of the first Committee on Popular En- 
tomological Education states in part that: j 

“Your committee inaugurated its work by circu- 
larizing the entomologists in the Association request- 
ing that they put forth a special effort to release 
through the press, radio, exhibits and other avenues 
as much entomological information as possible and 
that they attempt to ascertain through press clip- 
pings the extent to which the work gained recogni- 
tion.” 

Subsequent reports have consisted pretty largely 
of statistical reports on the various kinds of publicity 
given entomological subjects. Your committee feels 
that there is not much point in continuing such re- 
ports. However, an examination of all the different 
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press and radio releases coming to the attention of 
the various offices in Washington indicates that the 
entomologists in some states are doing a good job in 
keeping their subject matter before the public, while 
workers in other states issued relatively few articles. 
Most of you are familiar with the type of informa- 
tional material prepared in the U. S. Department of 
Agriculture, and the efforts of the Bureau of Ento- 
mology and Plant Quarantine to distribute ento- 
mological releases and publications to the people in 
key positions in the states. Many of the press and 
radio releases so distributed are localized by state 
workers and are used in many states along with ma- 
terial they prepare. Now that the war is over, the 
restrictions on the press are easing up and competi- 
tion with war news is past. Entomologists should 
take advantage of this and avail themselves of 
every opportunity to keep correct entomological 
information before the public. By so doing they may 
help offset erroneous information from unreliable 
sources. 

The broad functions of the committee have been 
stated but upon attempting to formulate a program 
we have found it exceedingly difficult to determine 
concrete lines of action that are open to the commit- 
tee. Popular entomological education in general falls 
within the fields of Teaching and Extension. For ex- 
ample, the following suggestions of possible activi- 
ties for this committee have been submitted. One is 
that it make a study of informational material to find 
out what makes some items popular while others ap- 
parently worthy of recognition are brushed aside. 
Is popularity entirely subject matter content or 
does the method of presentation help to sell the sub- 
ject of entomology? 

It has also been suggested that with all the public- 
ity relative to DDT and its uses, the information 
which has been published on this subject might well 
be considered in some detail, since some of the infor- 
mation has been good, but it might have been bet- 
ter if a great deal of it had never been published. 
Were this committee to report on such a study, in 
what way could it help the dissemination of informa- 
tion which is premature or erroneous. 

The apparent inadvertent listing of the name of 
this body as the Committee of Entomological Edu- 
cation, instead of the Committee on Popular En- 
tomological Education in the official roster following 
the last meeting, prompted another suggestion. 
Omission of the word “Popular” from the title 
places the emphasis more specifically on the aca- 
demic aspects, in which case the committee might 
be expected to make a study of entomological educa- 
tion at the various colleges. Recommendations fol- 
lowing a study of the curricula for under,raduates 
might lead to improving the entomological training 
afforded students. Would a study of this kind fall 
within the province of the present committee or is 
that the function of the Section of Teaching? 

Undoubtedly there are comments on these sug- 
gestions and other ideas as to work which a commit- 
tee of this kind might perform, and your present 
committee will welcome a liberal discussion of his 
whole matter. If it is the wish of the Association that 
the present committee be continued, we would ap- 
preciate concrete suggestions for activities that do 
not overlap the fields of teaching and extension. If 
the membership feels that the work of the present 
committee is completed or is now being covered by 
agencies within the association, it is our recom- 

mendation that this committee be abolished. 
Joun T. CreEIGHTON J. O. Perrer 
J. A. Hystop M. P. Jones, Chairman 
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REPoRT OF COMMITTEE ON 
GRASSHOPPER RESEARCH 


The objectives of this Committee are to stimulate 
and to unify grasshopper research in the United 
States and Canada. In pursuit of these objectives the 
Committee conducted three major activities in 1945: 
(1) Assembled and issued the third annual (confi- 
dential) report on the results of grasshopper research 
in three parts comprising respectively the work con- 
ducted in 1944 by state agencies, the United States 
Bureau of Entomology and Plant Quarantine, and 
the Canadian Division of Entomology. (2) Spon- 
sored a conference, held at Lincoln, Nebraska, Sep- 
tember 11 to 14, 1945, of 35 research men and others 
closely concerned with the grasshopper problem, 
representing 11 states and the Canadian and United 
States Departments of Agriculture. (3) Was enabled 
at that time to hold its own first general meeting, in 
which its two past chairmen H. C. Severin and J. R. 
Parker also participated at its invitation. 

A detailed report of the conference discussions 
will be issued in mimeographed form. The present 
statement summarizes the work of the Conference, 
particularly as to its conclusions and recommenda- 
tions. 

The conference was designed to be a major step 
towards: replanning and reorganizing grasshopper 
research on a more efficient, more comprehensive, 
more fundamental basis; improving coordination 
and unification over the entire natural region; stimu- 
lating and utilizing all available contributing bodies, 
state as well as federal; and showing the need for a 
substantial increase of moral and financial support 
for this research, without which progress towards the 
solution of this pressing problem will be gravely han- 
dicapped. Periodic conferences of this sort are recog- 
nized to be essential to the healthy development of 
research, especially when the problem involves such 
a wide and diverse area and relationships as with 
grasshoppers. The need for a general conference on 
grasshopper research had been increasingly felt, 
since no large group meetings had been possible dur- 
ing the war years, and in fact no conference repre- 
sentative of the whole area had ever been held. 

The exchange, in advance of meeting, of 14 out- 
lines representing various group or individual views 
as to grasshopper research objectives, permitted the 
conference to concentrate its time on discussion of 
and decision upon an over-all, unified program, the 
place and emphasis for each part, and specific rec- 
ommendations as to ways and means of achieving 
this program. 

To assist in crystallizing and giving expression to 
the various ideas as to the relative urgency of various 
types of research activities, informal voting was car- 
ried out. While there was rather wide variation be- 
tween individuals, the average result seemed 
broadly significant of group opinion. The first ques- 
tion was: “From your appraisal of their probable 
contribution towards advancing the solution of the 
grasshopper problem, what per cent of resources 
(men, funds, equipment) would you allocate at this 
time to each of the following major divisions of 
grasshopper research: (A) Physiology, fundamental 
toxicology, morphology, taxonomy; (B) Long-range 
ecological investigations, such as population stud- 
ies; (C) Immediate control and prevention.” The 
average response was, respectively, 28 per cent, 35 
per cent, and $7 per cent. In the second testing of 
opinion, ratings in terms of relative urgency were 
asked for 16 items roughly representative of the 
three major divisions. 


With the general guidance thus afforded, the 
Conference divided into three sub-groups having as 
leaders A. Glenn Richards, R. H. Handford and 
J. R. Parker. Each was asked to note specific points 
where information seemed most needed as bearing 
on control, the agencies now working on the prob- 
lem, and suggestions as to where additional work 
might be undertaken. The three reports, as approved 
by the Coprference, are given in part below with spe- 
cial emphasis on these critical points. 


A. Puystotocy, Morprno.ocy, TAXONOMY 


Basic work in taxonomy is desirable to grasshop- 
per control workers in order that they may posi- 
tively identify the species they encounter. Basic 
work in morphology is desirable in so far as it is a 
necessary prerequisite to taxonomic, physiological 
and ecological problems. Basic work in physiology 
is desirable as a basis for a rational interpretation of 
grasshopper activities and grasshopper control pro- 
cedures. It is conceivable that satisfactory methods 
for grasshopper control might be developed by em- 
pirical studies without any of these basic studies but 
it is the feeling of the Conference that basic studies 
can assist in directing the course of control research 
by interpreting some of the activities observed in the 
field and that possibly basic work may suggest modi- 
fications or even new lines of attack for control. 

We feel impelled to point out that unless the 
numbers of research physiologists and physiological 
laboratories are increased this type of work cannot 
proceed at an efficient and desirable pace, and so 
cannot, with sufficient promptness, answer the ques- 
tions raised by control men. 

While many grasshopper projects are long-term 
jobs, physiological work is relatively easy to alter 
from time to time. Physiologists can afford to and 
must experiment with variations in technique during 
a project. Complete planning in advance is not de- 
sirable. Ecologists and field workers are often more 
restricted in varying their programs. 

Physiological work must be carried on by persons 
trained in physiology. Some of the problems should 
be carried on in collaboration with physicists, chem- 
ists or other specialists. By and large we must de- 
pend on institutions because of questions of equip- 
ment and freedom. Costs cannot be predicted but 
equipment and upkeep in physiology are relatively 
expensive. Finally we do not feel that physiologica’ 
pene can be assigned at random. Workers must 

interested in the problems as well as trained in 
the techniques. 

No especial priority is implied in the sequence of 
the following major items: 

1. Study of sensory physiology of grasshopper 
species to understand behavior in relation to such 
factors as light, weather (in all its constituent parts), 
attractants. By identification of types and mapping 
of sense organs, and systematic testing of the re- 
sponse of grasshoppers to various external stimuli, 
singly and in combination, and in relation to the 
physiological state of the grasshopper. 

2. Study of nutrition; relation of basic data on 
nutrition to food preferences, reproduction, longev- 
ity, phase development and general activities. Both 
chemical and observational approach, and analysis 
of effects of nutrition on reproduction, longevity and 
general activities. In relation to control, these stud- 
ies can only be expected to yield basic data which 
must then be studied and re-interpreted in relation 
to the activities of grasshoppers in their natural en- 
vironment. 
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8. Studies on reproduction exclusive of nutri- 
tional relationship to interpret increase of popula- 
tions. By research on ee i genetics, develop- 
mental morphology, and diapause phenomena; and 
factors of natural environment in relation to the 
above. 

4. Studies on the physiology of population 
changes, to determine whether phase differentiation 
is a reality for North American species, to determine 
the factors producing these changes, and to evaluate 
the significance of such changes. Very little funda- 
mental research seems to be in progress but we feel 
strongly that this point warrants intensive study. 

5. Studies on the physiology of insecticide action, 
to understand and thereby possibly improve insecti- 
cide formulations. Basic physiology must precede 
physiological toxicology. Actual toxicology and the 
physiological basis thereof (pharmacology) are dis- 
tinct but related aspects of the same question, and 
can be studied separately. Even in projects devoted 
exclusively to grasshoppers it is commonly ad- 
vantageous to employ comparative methods using 
various insects. Actual toxicology is studied by sys- 
tematic testing of compounds. The physiological ba- 
sis of insecticide action is determined by physiologi- 
cal studies which incorporate insecticides, using such 
promising technical procedures as penetration and 
membrane studies, enzyme studies, tracing the path 
of toxins, analysis of growth stimulators and inhibi- 
tors, and the effect of subletha! doses on reproduc- 
tion and other activities. Numerous institutions and 
many commercial firms are working on actual toxi- 
cology; only a few on insecticide pharmacology. 
Pharmacology is a specialized phase of physiology 
and requires excellent laboratory facilities. Most of 
the properly equipped laboratories have some work 
in progress and the most feasible suggestion would 
seem to be to encourage expansion and elaboration 
of these programs. 

6. Taxonomic studies on various stages, to pro- 
vide means of identification of nymphs and eggs as 
prerequisite to accurate population estimates. 


B. PopuLaTions AND Eco.ocy 


A thorough knowledge of grasshopper populations 
and the environmental factors affecting them will 
bring about increased accuracy and decreased cost of 
forecasting grasshopper outbreaks, and increase the 
possibility of farmers and ranchers carrying on with 
only a minimum of loss during grasshopper out- 
breaks. Research on populations and nearly all of the 
environmental factors is being carried on here and 
there by state, federal and dominion agencies, al- 
though some important phases of the work are not 
being investigated at all. Ecological investigations 
already under way should be fully maintained. 
Listed below, approximately in order of their ur- 
gency, are projects which the conference felt should 
be given greatly increased attention immediately: 

1. The development of methods of determining 
absolute numbers of eggs, nymphs, and adults for all 
species; with state and federal institutions carrying 
on definite phases of the work under a unified leader- 
ship. Investigations to improve the methods of esti- 
mating nymphal and adult populations. Further at- 
tention to the adequacy of egg surveys for various 
species, localities and situations. 

2. The mapping of primary and secondary grass- 
hopper areas from the data and records already 
available. Efforts to establish the existence of 
endemic centers of primary and secondary impor- 
tance should be continued for all economic species. 
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3. Detailed, almost continuous, “on-the-ground,” 
studies throughout the season, in selected grasshop- 
per areas, of populations and development of all eco- 
nomic species and complexes, together with similar] 
detailed studies of all environmental factors (both 
natural and man-made) considered in relation to 
each other as well as to the grasshopper populations. 

4. Weather data: especially as to their complete- 
ness and suitability for use in conjunction with the 
detailed studies just indicated. 

5. Diseases, parasites, insect and other predators; 
their incidence and net effectiveness; the cataloguing 
of disease species, and the biology of insect parasites 
and predators. It is felt that special study of diseases 
is needed, but that progress in it will not be satisfac- 
tory until a special laboratory is established which 
will facilitate a concentrated, cooperative attack on 
the problem by pathologists as well as entomologists. 

6. Soils, agricultural (including conservation) 
practices, and plant cover; in relation to grasshopper 
abundance and species distribution. 


C. “Immep1aTe”’ ConTROL AND PREVENTION 


The following research problems are listed in the 
order of importance indicated by the vote of the 
Conference: 

1. Empirical testing of more promising insecti- 
cides, baits, attractants, etc. It is recommended that 
major attention be given to the immediate testing 
of dusts and sprays and the improvement of equip- 
ment for their application. Some work should also 
be done immediately on developing better methods 
for evaluating baits. Information from physiological 
and behavior studies vaay supply leads which will 
make future bait research wore productive. 

2. Tillage. The limited information now available 
indicates the importance of tillage in grasshopper 
control programs. Greatly increased and widely rep- 
resentative experimentation, and the development 
of uniform methods of appraising the value of tillage 
operations, are urgently needed. Special studies of 
soil conservation practices in relation to grasshopper 
abundance and control should also be initiated as 
soon as possible. It is the opinion of the Conference 
that such research can be conducted most advan- 
tageously by State Experiment .Station entomolo- 
gists in close cooperation with agronomists, soil 
conservationists and other interested agencies. 

3. The practicability of control during incipient 
stages of increase should be tested in an incipient 
outbreak area of the largest size in which it is prac- 
tical to carry out complete control of grasshoppers on 
all infested land and to determine the results with 
respect to crop protection for the current year and 
population reduction for the succeeding year. 

4. Control by cropping systems and the develop- 
ment of grasshopper resistant varieties of plants is 
recognized as a field of research offering great re- 
wards. State agencies are best qualified to determine 
the cropping systems and varieties best adapted to 
their respective states. 

5. Economic evaluation of control methods. Re- 
search should be conducted to derive a practical, de- 
pendable method for evaluating the results of con- 
trol in terms of grasshopper populations and in 
crop damage. This method should be adaptable for 
use as a basis for training field men in determining 
accurately the effectiveness of the control measure 
employed as well as in recognizing and accurately 
appraising crop losses and savings. It is desirable 
that this work be developed in cooperation with 
agricultural economists, crop insurance appraisers 
and crop reporting agencies. 
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6. Experiments in the use of parasites, predators 
and disease as control measures are considered highly 
desirable but basic studies should precede experi- 
ments in control. The Conference recommends that 
when experiments in control are started, priority 
should be given to the artificial use of diseases. 

7. Range management appears to offer a means of 
reducing the damage caused by range grasshoppers 
but experiments to measure its value cannot be 
planned intelligently until the habits and seasonal 
histories of the numerous range species are better 
known. In the meantime, every opportunity should 
be taken to observe range grasshoppers on areas 
where controlled grazing is practiced. Uniform meth- 
ods of making observations and recording data 
should be established. 


INCREASED Funps NEEDED 


Summing up the convictions of the Conference, 
the following resolution was carried unanimously on 
motion of C. E. Mickel seconded by Claude Wake- 
land: 

“The discussions of the grasshopper research 
workers at the Corference held at Lincoln, Nebraska, 
September 11 to 14, 1945 have brought out clearly 
that the primary difficulty in arriving at a satisfac- 
tory solution of the North American Grasshopper 
pest problem is the lack of research funds and person- 
nel for attacking this exceedingly complex problem. 
We have spent hours in exploring the possibilities of 
procedures for getting research done by make-shift 
methods with the inadequate funds now available 
and are convinced that such procedures are entirely 
inadequate for the solution of the problem. 

‘Millions of dollars have been appropriated and 
spent during the past twenty years by state, provin- 
cial, federal and dominion agencies for materials and 
labor for the applied control of grasshoppers. During 
the same period the amount of money spent on re- 
search for a solution of the grasshopper problem has 
been woefully inadequate. We are convinced that 
each million dollars spent on grasshopper research 
now will save hundreds of millions to the people of 
the United States and Canada in future emergen- 
cies. 

“We therefore earnestly recommend that the 
United States Congress, the Parliament of the Do- 
minion of Canada, and the affected states and prov- 
inces join in providing adequate funds for the sup- 
port of research of this most urgent problem.” 


CooRDINATION OF GRASSHOPPER RESEARCH 


The Conference recognized the pressing need for 
greater unification and integration of the research 
relating to grasshoppers, and for bridging the gap 
between planning and action. After mature consider- 
ation of these needs, it recommended that every ef- 
fort be made to secure the services of a full-time sec- 
retary to this Committee, to facilitate cooperation 
between the various agencies—state, provincial, fed- 
eral, dominion, and industrial—engaged or inter- 
ested in grasshopper research. Their cooperation 
would, as before, be entirely voluntary. The secre- 
tary would not have power either to determine or to 
enforce policies. The recommending of general poli- 
cies to the various agencies concerned remains in the 
hands of the research group as a whole after solicit- 
ing the view of other interested parties. Yet it was 
clearly the unanimous conviction of the Conference 
that the employment of an independent regional 
coordinator, if of the requisite ability and qualifica- 
tions, could contribute more to the over-all advance- 
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ment of grasshopper research than any other single 
step of comparable cost. It therefore charged your 
Committee to canvass ways and means of establish- 
ing, financing and directing the secretaryship, and of 
securing the services of an entomologist well quali- 
fied for the post. 

As further contributing to unity and progress, the 
conference—on motion by C. M. Packard seconded 
by R. H. Handford—unanimously recommended 
that the Committee undertake to arrange every 
three years a general meeting on grasshopper re- 
search; and that there be informal meetings at lesser 
intervals of small groups of workers engaged in 
closely allied research. 


ComMITTEE MAKEUP 


The conference was of the opinion that the Com- 
mittee on Grasshopper Research of the American 
Association of Economic Entomologists would have 
greater continuity and increased ability to perform 
the functions with which it is charged if, in addition 
to the usual six rotating members, three others were 
to be added as members ez-officio, namely, the grass- 
hopper research leader and the chief of the division 
of grasshopper control for the United States Bureau 
of Entomology and Plant Quarantine, and the grass- 
hopper research leader of the Canadian Division of 
Entomology. Your Committee therefore requests 
that the Association now consider this recommenda- 
tion and make a change along these lines if it can see 
its way clear to do so. 

Your Committee also solicits the approval and 
general support of the Association for the other ac- 
tions and recommendations of the Conference. 

F. A. Fenton R. H. Hanprorp 
CLAUDE WAKELAND J. H. Perrer 
H. Doveuas Tate K. M. Kina, Chairman 


REPORT OF THE COMMITTEE ON RELATION 
or ENTOMOLOGY TO CONSERVATION 


In each of its annual reports your committee has 
been repeating an appeal for an increased interest in 
conservation and the many entomological problems 
associated with conservation programs. You have 
been urged to contact those charged with the re- 
sponsibility of planning and administering conser- 
vation programs and to discuss with them the ento- 
mological problems actually or potentially asso- 
ciated with their programs. Also, you have been 
urged to submit suggestions on how the committee 
might increase its usefulness. 

It appears that we are making slow but constant 
progress. Entomologists in increased numbers re- 
port: Invitations to discuss entomological problems 
at Conservation meetings, appointments to posi- 
tions on planning boards, engagements as speakers 
or lecturers at conservation schools or short courses 
and requests for interdepartmental conferences on 
problems of mutual interest. It is gratifying to note 
that in some states entomologists have taken the 
initiative in calling conferences of all agencies in- 
terested in such important entomological problems 
as mosquito, grasshopper and European corn borer 
control. 

A recognition of the importance of unity of 
thought and singleness of purpose on the part of all 
agencies interested in conservation is growing within 
and without our Association. Early in 1945 a group 
of eminent biologists representing several societies 
met in New York for the purpose of discussing the 
possibility of forming a general conservation council. 
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It was proposed that this council should be composed 

of representatives of some 15 existing non-govern- 
mental organizations interested in conservation. The 
American Association of Economic Entomologists 
was invited to become a participant and to appoint 
a representative to the council. At its August meet- 
ing the Executive Committee of this Association ac- 
cepted the invitation and designated the Chairman 
of this committee as your delegate. To date, the 
council has not met, but it is to be hoped that it will 
become active and serve a very useful purpose in 
guiding the development of long range conservation 
programs and in initiating action to deal with situa- 
tions requiring immediate attention. 

While entomologists serving in the armed forces 
were attracting attention and bringing credit to our 
profession by working miracles in insect control 
without excessive permanent damage to the natural 
fauna and flora of the areas in which they operated, 
the entomologists at home were proving to the 
world that they were conservationists at heart and 
that the special interests and problems of their fel- 
low scientists were paramount considerations. The 
entomologists had in their hands a new and ex- 
tremely promising insecticide. It became available in 
quantity and stimulated by voluminous and highly 
favorable publicity, the public was clamoring for its 
use. Asa result of preliminary research by men in the 
Bureau of Entomology and Plant Quarantine and in 
practically every entomological research laboratory 
in the country, we had a fair knowledge of how DDT 
might be used and its potential value when applied 
to obtain the control of a great many serious insect 
pests. It was not recommended for general use, how- 
ever, largely because entomologists were uncertain 
what effect its widespread use might have upon 
plants, soils, beneficial insects, and wildlife. 

The U.S. Army and the U. S. Public Health Serv- 
ice, the largest users of DDT in 1945, acknowledged 
their interest in conservation in a joint statement of 
policy in which they assured the apprehensive that 
the use of DDT would be limited to projects con- 
ducted with due regard to the possible effects of 
DDT on beneficial insects and all forms of plant and 
animal life in accordance with safeguards established 
by the Surgeons General of the Army and the Public 
Health Service (see Editorial page, April number of 
the JourNAL). 

During the past year the Bureau of Entomology 
and Plant Quarantine and several entomologists of 
state agricultural experiment stations, working in 
close cooperation with the Fish and Wildlife Service, 
state conservation departments and representatives 
of various interested societies, have made very con- 
siderable progress in their attempt to determine the 
effects of DDT on wildlife. Your committee has been 
privileged to review manuscripts in press, reports of 
unpublished data and valuable opinions contained in 
personal correspondence which has been generously 
supplied by the Bureau of Entomology and Plant 
Quarantine, the U. S. Fish and Wildlife Service and 
a number of entomologists and conservationists asso- 
ciated with state and private institutions. Certain 
facts and conclusions gleaned from these sources are 
presented for your consideration. 

The advent of DDT and its dramatization by 
speculative writers has produced two divergent veins 
of thought. The overly optimistic dream of a one- 
shot spray that will end all insect problems, and the 
overly pessimistic envision a world devoid of all 
forms of wildlife, of insect plagues by pests released 
from obscurity by the destruction of their parasites 
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and predators, or of wholesale crop failures induced 
by the annihilation of insects active in the pollina- 
tion of plants. Both are equally absurd, but they 
forcefully direct attention to a need for thorough and 
well coordinated research. 

Unfortunately, most of the popular or speculative 
writing on the effect of DDT on conservation and 
practically all of the moaning and shouting about 
disrupting the balance of nature and destroying 
birds and other forms of wild life has been by those 
who have had little or no experience with DDT, and 
who have little or no first hand knowledge of insect 
— wildlife management or conservation meth- 
ods. 

To date there seem to be no authoritative records 
of injury to mammals, ranging from mice, shrews 
and rats up to rabbits, foxes and deer, resulting from 
any reasonable DDT treatments applied to forest, 
marsh or other areas. 

Fantastic reports of wholesale destruction of birds 
in areas where DDT has been used are based upon 
false rumors and have no foundation in fact. 
Trained biologists and competent ornithologists who 
have observed and studied a number of areas before 
and after applications of 1 to 2 pounds of DDT per 
acre have found very few dead, sick or otherwise af- 
fected birds. In some instances birds, particularly 
swallows and other insectivorous species, reportedly 
migrated out of treated areas soon after treatment, 
but nests were not abandoned and apparently the 
treatments resulted in little or no permanent dis- 
turbance or damage. The use of 5 pounds of DDT 
per acre has resulted in considerable bird mortality 
and one such treatment (through death and migra- 
tion) practically eliminated a large bird population 
from the treated area. 

The results obtained on the effect of DDT on fish 
and other aquatic life are somewhat erratic, due 
perhaps to variables such as food, feeding habits, 
temperature, ratio of volume to surface area and 
formulation. It appears that surface feeders and 
small species are more susceptible to DDT poison- 
ing than are bottom feeders and larger species. In 
general, fish are not seriously affected by applica- 
tions of 0.1 to 0.25 pound of DDT per acre but ap- 
plications approaching 0.5 pound per acre or higher 
begin to affect some species. Applications of 1 pound 
per acre or more, at least under some conditions, may 
have destructive effects. Therefore, until the effect of 
DDT on fish and other aquatic life is better under- 
stood, every effort should be made to avoid over- 
treatment of streams and ponds. Aquatic insects, 
crustaceans, crabs, crayfish, salamanders, snakes 
and turtles are affected variably, but in some cases 
one pound of DDT per care reportedly kills moder- 
ate to large numbers of specimens. 

Several laboratories have demonstrated that colo- 
nies of bees can remain vigorous and thrifty in orch- 
ards and other environments where DDT is used. 
The apiculturists’ original fear has turned to a hope 
that DDT will prove to be less destructive to bees 
than lead arsenate and other insecticides now in 
common use. 

It appears that parasitic and predatory insects 
like phytophagous species are variably affected by 
DDT. Some species are easily killed by very minute 
quantities and some survive the most severe treat- 
ments. In apple orchards where DDT has been used 
to control the codling moth, the destruction of 
predatory forms usually results in a serious increase 
in the mite population. It becomes increasingly ap- 
parent, however, that this subject, because of its 
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very complex nature, cannot be studied in the labo- 
ratory. Only through adequate large scale field tests 
under actual field conditions can we hone to deter- 
mine the final effect of DDT upon al) phases of a 
complex environment. 

In planning experimental programs and in making 
commercial papa of DDT, it seems that some 
thought should be given to the timing of treatments. 
Applications before‘or after the blooming period of 
treated plants would at least in part protect bees and 
other valuable pollinating insects as well as other 
valuable dipterous and hymenopterous insects that 
frequently visit blossoms. Likewise timing applica- 
tions to control newly hatched larvae instead of half 
or full grown caterpillars might reduce the hazard of 
birds, poultry or other animals being poisoned by 
eating dead insects. 

While it is granted the use of DDT on large scale 
experimental areas may, we regret, result in the kill- 
ing of a few birds or a few fish and temporarily upset 
the so-called balance of nature, every entomologist, 
naturalist, forester and conservationist knows that 
once the temporary disturbing influence is removed, 
the balance will be quickly restored. The Bureau of 
Entomology and Plant Quarantine (unpublished) 
has found that in a 40-acre timbered tract where 
most species of insects were greatly reduced by the 
application of 5 pounds of DDT per acre in 1944, the 
area had an apparently normal insect fauna one year 
later. 

Since the information gathered thus far seems to 
indicate that reasonable applications of DDT that 
might be recommended by entomologis.: will have 
little direct effect upon birds or mammals aad that 
any temporary disturbance in the insect population 
can be quickly readjusted, entomologists should feel 
free to encourage and plan large scale field experi- 
ments. In the treatment of aquatic habitats due 
consideration should be given to fish and other cold 
blooded animals. The use of DDT in limited areas 
inhabited by rare or unique species of birds or other 
animals should be avoided. To date lage scale field 
tests have dealt largely with forest and marsh envi- 
ronments. The U.S. Fish and Wildlife Service has 
pointed out that 80 per cent of our game and a very 
high per cent of our non-game and insectivorous 
birds and mammals are largely dependent upon an 
agricultural environment. It is expedient therefore 
that all interested agencies should cooperate in set- 
ting up appropriate research projects that will ade- 
quately evaluate the use of DDT in this type of en- 
vironment. In control operations it may at times be 
necessary to weigh the importance of ‘objectives— 
eradiction or immediate control of serious insect in- 
festations against the possible loss of a few birds or 
other wildlife. 

Questions requiring answers include: (1) Is the 
danger of killing birds and other wildlife greater in 
agricultural environments than in forest areas? (2) 
Can the repeated applications sometimes required 
in the control of crop pests be made without endan- 
gering wildlife? (3) What minimum dosage can be 
established for effective insect control? (4) What 
maximum dosages can be tolerated by wildlife? (5) 
Can improved methods of fermulation and applica- 
tion increase insecticidal cfficiency and reduce the 
hazard to wildlife? (6) How does DDT kill birds, fish 
etc.—contact, poisoning food, other means? (7) Will 
the destruction of a considerable portion of the in- 
sect population in a stream or terrestrial environ- 
ment cause depletion of the fish or bird population 
before the insects can repopulate the area? Your 
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committee feels that the answers to these questions 
and many more which will develop as the work pro- 
gresses should be obtained at the earliest possible 
date. In the meantime, entomologists arid biologists 
alike should proceed cautiously and at the same time 
make every effort to determine the facts. We believe 
that only through the full understanding of these in- 
terrelated effects will the full use of this remarkable 
insecticide be available to the public. 

F. E. Warreneap F. C. CraiGHEAD 
S. A. GRAHAM J. A. Beau 

G. C. Decker, Chairman 


Report OF THE COMMITTEE ON CODLING 
Mora For 1945 


As in previous years, the Committee has requested 
the Bureau of Entomology and Plant Quarantine to 
assemble and cirulate a pool of current information 
on the results of codling moth investigations. Invita- 
tions to participate in this pool are being forwarded 
to various interested entomologists, and the pool 
will be issued during the winter. This will be the 
twelfth year that this service has been performed. 

Consideration has been given to the possibility of 
holding a conference on the codling moth problem 
in view of the recent developments with DDT, and 
in view of the fact that none has been held for several 
years. Conditions, however, do not appear especially 
favorable for a resumption of these conferences and 
no plans are being made at the present time for one. 

In several recent years the Committee has drawn 
up a number of suggestions for further work with 
the codling moth. These suggestions have been pub- 
lished in the JourNAL or Economic ENTOMOLOGY 
(Vol. 35, p. 134, 1942; Vol. 36, pp. 170-1, 1943; 
Vol. 37, pp. 174-5, 1944). The Committee has 
nothing to add to these statements at the present 
time, but would welcome suggestions or recommen- 
dations from the membership. 

Lronarp HasEMAN B. F. Driagers 
W. S. Hover A. D. Borpen 
L. F. STEINER B. A. Porter, Chairman 


REPORT OF THE COUNCILORS FOR THE 
AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


In his report as delegate to the Cleveland meeting 
of the Ameri. an Association for the Advancement of 
Science in September 1944, Dr. Roger C. Smith em- 
phasized the desirability of closer contact between 
entomologists and the American Association for the 
Advancement of Science. Since then the importance 
of this suggestion is becoming more and more appar- 
ent. Reference was made in the Presidential address 
at the New York meeting of this Association to diffi- 
culties which entomologists are facing in our recent 
pronounced tendency to “go it alone.” Attention has 
repeatedly been called to the unsatisfactory starring 
of names of scientists in American Men of Science. 
There have been several further evidences of the 
danger of this separatist point of view during the 
past year. They strongly indicate that a real effort 
should be made by entomologists to take an active 
place in scientific organizations of wide scope and to 
increase their acquaintanceship among those inter- 
ested in related sciences. 

The probable establishment of a National Scien- 
tific Research Foundation under one of the several 
bills for this purpose pending in Congress empha- 
sizes the need for our more active participation in 
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general science activities. If entomological groups 
move further in the direction of separation from 
other scientific circles, we are very likely to be over- 
looked in connection with the organization of the 
scientific work under this proposed Foundation, and 
those engaged in basic entomological studies would 
suffer materially from such an oversight. 

The present is an excellent time for us to take re- 
newed interest in broad scientific work. The contri- 
butions of American entomologists to the control of 
malaria, typhus, and other diseases during the war 
has been so important and conspicuous that the 
public is becoming more conscious of the practicabil- 
ity of pest control than ever before. The potentiali- 
ties of DDT are being discussed in popular and sci- 
entific journals and in radio addresses to a degree 
exceeded only by the attention given the atomic 
bomb. 

Economic entomology is now thoroughly inter- 
woven with the national and international aspects 
of both health and nutrition. The new procedures 
and treatments now under study by entomologists 
are deeply involved with chemistry, physics, and 
electronics, as well as with plant and animal physi- 
ology and ecology. It will be impossible for the Food 
and Agriculture organizations to act intelligently on 
the world distribution of food without consideration 
of pest-control problems in the countries concerned. 
Close contact with other scientific agencies is es en- 
tial, if full advantage 1s to be taken of the interrela- 
tionship between the rapidly advancing discoveries 
of entomology and those of other sciences. 

Your councilors accordingly heartily renew the 
recommendation made last year that this association 
undertake more active support of and participation 
in the work of the American Association for the Ad- 
vancement of Scierce, Section F, and the Union of 
Biological Societies. 

With this in view the councilors have made a 
study of the organizational structures involved. The 
American Association of Economic Entomologists is 
only one of numerous “Associated Societies’’ affil- 
iated with Section F of the American Association for 
the Advancement of Science. As an organization 
with over 100 of its members having the status of 
“fellows” in the AAAS, it is entitled to name two 
members on the council of the main Association. 
These two councilors are ex-officio members of the 
so-called “Section Committee,” of Section F. This 
committee is now composed of some 38 members. 
The activities of the Section, however, are largely 
controlled by an executive committee, consisting of 
the chairman and secretary of the Section and four 
additional members who are elected by members of 
the Section Committee and who serve 4 years. 

The Associated Societies in Section F include 
seven organizations devoted to various aspects of 
zoology, and seven having both botanical and 
zoological interests. In addition to the representa- 
tives of these 14 specialized societies, there are listed 
on the large Section Committee all those councilors 
for the Association who represent general organiza- 
tions such as Sigma Xi and the numerous State 
Academies of Science in those cases in which the 
nominees happen personally to be interested in zoo- 
logical fields. For example, the Texas Academy of 
Science was listed in 1944 as associated with Section 
F, due to S. W. Bilsing’s election by the Academy to 
the council of the AAAS for that year. In case some- 
one interested in another field should be elected to 
succeed Professor Bilsing when his term expires, the 
Texas Academy would appear under some other 
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Section, rather than among the organizations asso- 
ciated with Section F. 

During the fall of 1945, the Secretary of Section F 
sent to each member of the large Section Committee 
a ballot on which were listed some 6 to 8 nominees 
for the office of chairman and a similar number for 
member of the executive committee for 1946. These 
nominees had been proposed by the present execu- 
tive committee and therefore represented largely the 
specialties already represented on that committee. 
Two of the nominees have carried on some ento- 
mological research, and are members of the Ento- 
mological Society of America although their 
interests were primarily in zoological studies rather 
than in applied entomology. The others were all out- 
side the field of entomology. Both those interested 
in entomology were elected: Dr. Alfred Emerson of 
Chicago, chairman, and Dr. Orlando Park of North- 
western, member of the executive committee. Dr. 
Emerson is interested in termites; Dr. Park, in 
Pselaphid beetles. 

The present executive committee consists of Pro- 
fessor Carl G. Hartman of Illinois, chairman; Profes- 
sor J. W. Buchanan of Northwestern, secretary; Dr. 
A. C. Kinsey, Indiana; Dr. C. L. Turner of North- 
western; Dr. Charles W. Metz of Pennsylvania; and 
Dr. Franz Schrader of Columbia University. 

All are members of the American Society of 
Zoologists and all but one are also members of the 
American Society of Naturalists. Several are also 
connected with genetic organizations. One, Dr. A. C. 
Kinsey is a member of both the American Associa- 
tion of Economic Entomologists and of the Ento- 
mological Society of America, was a vice president 
of that Society in 1987, and has repeatedly attended 
the meetings of this Association before the war. Dr. 
Kinsey’s four-year term is now expiring and as men- 
tioned above Dr. Park has been elected in his place. 

It would thus appear that the Section has for some 
years included on its executive committee men in- 
terested in insects and insect control and members 
of both national entomological organizations. 

It still remains true, nevertheless, (1) that the ex- 
ecutive committee tends to be self-perpetuating, in- 
stead of including representatives chosen by the 
constituent societies, and (2) that several of the con- 
stituent organizations in Section F (especially the 
mammalogists and parasitologists) have not been 
represented recently on the executive committee. 

Our recommendations this year accordingly re- 
iterate to a large extent those made at the New York 
meeting and are as follows: 

(1) That the councilors of this association strive 
to attend not only all the meetings of the 
AAAS council but also the business meetings 
of Section F. 

(2) That we reaffirm our desire to take a more ac- 
tive part in the affairs of the AAAS and the 
Section. 

(3) That we Suggest to the officers of Section F 
that they solicit nominations for Section offi- 
cers each year from the specialized societies 
affiliated with the Section. The new officers 
would then be elected by the entire Section 
Committee from among such nominees. 

(4) That we continue to nominate three council- 
ors for the two positions available to us on the 
council as we did last year designating the 
carry-over names as the official councilors 
and the most recent designee as the alternate. 

Your councilors expect to maké every effort to 
attend the St. Louis meeting of the AAAS in March 
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and will try to carry out whatever policy this Asso- 
ciation desires. 

In addition to our correspondence and conversa- 
tions on organization problems with the officers of 
the AAAS, referred to in the preceding sections of 
this report, your councilors were each asked to reply 
to a long questionnaire concerning our opinions on 
controversial features of the Science Foundation bills 
now pending in Congress. The replies from all of 
those addressed were summarized by the executive 
secretary of the AAAS and submitted to the Con- 
gressional Committee conducting hearings on the 
subject. This summary has been published in Sei- 
ence, 

In this correspondence we stated the feelings of 
entomologists in these words, “We wish to be certain 
of two features under the science Foundation bills: 
(1) assurance of the appointment of competent en- 
tomologists on any administrative committees han- 
dling entomological problems, and (2) relieving such 
a Foundation from any authority over the internal 
administration of the research work of the estab- 
lished government departments.” 

We hope that the relationships of this Association 
to the AAAS will be discussed at the Dallas meeting 
in order that the councilors may have the consensus 
of opinion of the membership on the problems 
involved. 

F. L. CAMPBELL 
Roger C. Smita 


S. B. Fracker 


REPORT OF THE Crop PROTECTION 
INSTITUTE 


The volume of research administered by the Crop 
Protection Institute in 1945 was similar to that of 
1944. Ten organized projects were underway in the 
course of the year, and in addition, several prelimi- 
nary investigations were undertaken. In the latter 
part of the year, with the close of the war, an in- 
crease in research activities began to manifest itself. 
There are indications that 1946 will see an increase 
both in the number of industrial laboratories that 
call upon the Crop Protection Institute to conduct 
research for them, and in the total volume of re- 
search as expressed in appropriations made availa- 
ble. 

The year 1945 has seen a marked emphasis on 
chemical exploration in both insecticides and fungi- 
cides. The purely chemical aspects are largely the 
function of industrial chemical laboratories which 
possess both the facilities and the background of 
knowledge on which intelligent exploration should 
be based. Study of new compounds from a biological 
aspect is the function of men who are trained in 
biological appraisal, usually in the appropriate fed- 
eral bureaus and in the state agricultural experiment 
stations. The function of the Crop Protection Insti- 
tute in this picture is to administer funds provided 
by industrial laboratories, through cooperation with 
experiment stations and biological research institu- 
tions. 

In 1945 the major projects administered by the 
Institute included the following: 

Tenacity agents for sprays and dusts. 

Metal amines as fungicides. 

Chromates as insecticides and fungicides. 

Baits for ants. 

New organic compounds as insecticides and fungi- 
cides. 

Celites as extenders for derris powder and for cal- 
cium arsenate. 


New poly chlor compounds as insecticides. 

Seed and soil treatment. 

Stability of organic fungicides. 

Efficiency of an organic by-product fertilizer. 
Companies supporting organized research through 


the Crop Protection Institute, in 1945 were: 


Animal Trap Company of America. 

Armour & Company. 

Carbide and Carbon Chemicals Corporation. 
General Chemical Company. 
Johns-Manville Corporation. 

The Mathieson Alkali Works, Inc. 

Réhm & Haas Company. 

U. S. Industrial Chemicals, Inc. 


In addition, preliminary work was carried on for 
the following: 

J. T. Baker Chemical Company. 

Battelle Memorial Institute 

Fritzsche Brothers, Inc. 

The Texas Company. 


Research workers and assistants employed by the 
Institute in 1945 included the following: 

C. C, Alexander, Raymond W. Barratt, Asher Ca, 
pelle, Donald P. Connola, David J. Doerfler. 
George R. Ferguson, John B. Harry, David Laddey, 
Wallace J. Morse, Limon C. Murphree, Howard W- 
Smith, Audrey M. Bill, Clare Chaplinski, Edith J, 
Converse, Mary B. Fetherston, Geraldine F. Mason. 
Winifred Musch, Gloria G. Shanley, Dolores M. 
Smith, Margaret B. Steinmetz. 

W. C. O'Kane 


Report or Joint COMMITTEE ON 
Miunitrary ENToMOoLoGY 


During the past year the joint Committee on 
Military Entomology of the American Association 
of Economic Entomologists and the Entomological 
Society of America has had less opportunity than 
during previous years of the war to assist actively 
in the placement of entomologists in appropriate 
position in the military services. The needs of the 
services for entomologists had been met largely in 
preceding years and changes were effected through 
promotion rather than through procurement. 

The records of entomologists carrying on work in 
their own field in the armed services are not avail- 
able in up-to-date or complete form but they indi- 
cate that nearly 600 men who might be classified as 
entomologists were so engaged. In the Army these 
men served mainly in the Sanitary Corps, the Corps 
of Engineers, the Typhus Commission of the U.S.A., 
the Chemical Warfare Service and in Military Ad- 
ministration. In the Navy they were mostly in the 
Hospital Volunteer Corps Service. 

The approximate number of entomologists of 
various commissioned ranks in the Sanitary Corps 
was: 5 2nd Lieutenants, 102 Ist Lieutenants, 95 
Captains, 30 Majors, 6 Lt. Colonels, and 2 Colonels; 
in the H.V.C.S. of the Navy, 19 Ensigns, 48 Lieu- 
tenants Jr. Grade, 36 Lieutenants, 10 Lt. Com- 
manders and 3 Commanders. 

We regret to report that at least two entomologists 
lost their lives in the discharge of entomological 
duties. These were: 

Lt. Wm. M. Gordon, H-(V)S, USNR, March 7, 
1944, Los Negros Island, Admiralty Group. 

Lt. John D. Maple, H(S) USNR, April 11, 1945, 
Okinawa, Japan. 

The rather extensive personnel files relating to 
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entomologists of military age and others have been 
made available to the Committee on Reemployment 
and Placement as an aid to the development of 
complete files. To aid in the Associations’ replace- 
ment work your Committee suggests to the Execu- 
tive Committee of the Association that steps be 
taken in connection with the proposed mail ballot to 
opvtain information from each member as to whether 

served in the armed forces or otherwise con- 
tributed directly to the war effort, and in what 
capacity. 

The work of the entomologists has been so out- 
standing in the field of research connected with the 
development of entomological information for direct 
use in war operations and in reduction of that in- 
formation to actual practice that several military 
citations have been made in the entomological field. 
The Committee is endeavoring to aid the military 
authorities in bringing to attention other such out- 
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standing accomplishments so that they may receive 
appropriate consideration by military authorities. 
Entomology and entomologists have made notable 

contributions toward the winning of the war and 
entomologists have played a prominent part in ap- 
plying their knowledge in the protection of health 
and efficiency of troops, in the protection of food 
supplies and in the protection of these supplies and 
of equipment from destruction by insects. We may 
well feel proud of that record. Even though it will 
be perpetuated in the history of the war now under 
preparation, it seems eminently fitting that a com- 
mittee be appointed to prepare and arrange for 
publication a history of entomologists and their 
efforts toward the winning of the war. It is recom- 
mended that the Committee on Military Entomol- 
ogy be discharged. 

Rospert MaTHEson 

F. C. Bisnorr, Chairman 


REPORT OF THE JOINT COMMITTEE ON COORDINATION OF ENTOMOLOGY 
Wirth THE War ErFrrort 


To the President and Executive Committee of the 
American Association of Economic Entomology and 
of the Entomological Society of America, respec- 
tively: 

Your committee has been inactive during the year 
in so far as formal meetings and modifications of the 
program heretofore reported are concerned. 

The original charter of the committee charged it 
with the duty of directing the resources of the ento- 
mological profession into those channels where 
entomology should most effectively promote the 
over-all war effort of the nation. 

Inasmuch as the activities associated with the 
placement of entomologists in the armed forces 
where their training and abilities could be most ef- 
fectively utilized were very properly delegated to a 
special committee, the Coordination Committee had 
no direct part in that work. Your committee did, 
however, maintain the position that the members 
of the entomological profession as a group should 
not be given preferential treatment with respect to 
induction into the armed services on the grounds 
that they were needed at home. This was because of 
a strong conviction, amply supported by subsequent 
events which are now history, that entomologists 
could be even more valuable in the armed forces 
than at home. 

The committee dedicated the entomological pro- 
fession to the pledge that those members who, for 
one reason or another, were not qualified for military 
service increase their efforts, both individually and 
cooperatively, to the end that national health be 
maintained and that losses from insect pests in food 
production be reduced to the lowest possible level. 

The earliest and most important action of your 
committee was to inaugurate a comprehensive plan 
for cooperation among entomologists and with other 
agencies and industries. To this end a carefully 
chosen system of committees and sub-committees 
was set up. Entomologists from all over the country 
were given specific assignments which were carried 


out far beyond the expectations of the parent com- 
mittee. Indeed, abilities and skills were discovered 
which previously were not known to exist. 

From time to time, minor changes were made in 
the first formal organization of the committee’s over- 
all plan but these were relatively few. 

The last assembly of the committee was held 
December 1944 in connection with the New York 
meetings of the American Association of Economic 
Entomologists and the Entomological Society of 
America. Because of the trend the war took early 
this year and because the existing program was 
operating smoothly, there seemed no justification to 
call the committee together in 1945. However, the 
committee was willing to continue to serve when re- 
quested to do so by Presidents Van Dine and Rehn, 
and to stand by for any emergency that might arise. 

In view of the significant service that entomology 
contributed in winning the war, your committee 
recommends that the officers and Executive Com- 
mittees of the American Association of Economic 
Entomologists and of the Entomological Society of 
America give serious consideration to the advisa- 
bility of assembling and publishing an historical 
record of the service rendered by entomology in all 
its phases during the course of all those phases of 
entomology which were concerned directly with the 
war effort. 

Finally, not as a committee, but in the name of 
entomology in general, we commend entomologists 
for the part played by our profession in World War 
II. Especially do we salute those who served in the 
armed forces. We cannot help but be proud of the 
fact that among our number is found one of the most 
decorated men in the service. 


D.L. Van Dine, exofficio Avery S. Hoyt 


J. A. G. Rehn, ez officio 
E. N. Cory © 

L. M. Peairs 

S. A. Graham 


E. F. Phillips 

A. Glenn Richards 

P. D. Sanders 

J.S. Houser, chairman 
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Clore, W. K., Box 746, Brownsville, Texas 

Cochran, James Harvey, E. I. duPont De Nemours 
Co., Wilmington, Del. 

Cochran, James H., Eupora, Miss. 

tCockerell, T. D. A., 908 10th St., Boulder, Colo. 

Cockerham, K. L., Agr. Center, Baton Rouge 3, 
La. 

Cody, Charles E., 6806 S. E. 35th St., Portland 2, 

e. 

Cody, L. R., Hall of Justice, San Jose, Calif. 

Coe, E. H., Cherryville, Ore. 

Colcord, Mabel, 2520-14th St., Washington, D.C. 

Cole, Elsie, 155 Biology Bldg., Univ. of Wisconsin, 
Madison 6, Wisc. 

Cole, M. M., Philadelphia, Miss. 

Collins, C. W., 39 Georgian Rd., Morristown, N.J. 

Collins, D. L., State Museum, State Education 
Bldg., Albany 1, N.Y. 

Colman, Wallace, 236 Madison St., 
D.C. 

Colmer, Robert P., State College, Miss. 

—— C. C., 127 Nat. Resources Bldg., Urbana, 

Ill. 


Washington, 


Condon, Walter F., 30 W. Palm Lane, Phoenix, 
Ariz. 

Conklin, James G., State Univ., Durham, N.H. 

Connola, Donald P., Boyce Thompson Institute, 
Yonkers, N.Y. . 

Conroy, John H., 492 Ridgwood Rd., Maplewood, 
NJ. 

Cook, Mel T., 255 Barnard Road, Larchmont, N.Y. 

Cook, William C., Box 616, Walla Walla, Wash. 

Cooley, Charles E., Rm. 24, Agr. Bldg., Embar- 
eadero at Mission, San Francisco, Calif. 

Cooley, R. A., U. S. P. H. S., Hamilton, Mont. 

Coon, Beckford F., Tobacco Expt. Lab., R. 3, 
Lancaster, Pa. 

Cooper, James F., Univ. Farm, Kearneysville, 
W.Va. 
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Cooper, Roy S., Sheridan, Wyo. 

— Esek O., Second & iow Sts., Berkeley 2, 
ali 

*Cotton, R. T., 343 N. 14th St., Manhattan, Kan. 

*Cory, Ernest N., College Park, Md. 

Courtney, O. K., Box 340, Honolulu, Hawaii 

Cowan, E. Karl, Knight St., Interlaken, N.Y. 

*Cowan, Frank A., 2201 Schulte, Austin, Texas 

a 2 Frank T., 411 W. Garfield Rd., Bozeman, 
ont. 

Cowden, Lloyd D., Box 24, Pendleton, Ore. 

Cox, J. A., Erie Co., Res. Lab., North East, Pa. 

Craft, William H., Cupertino, Calif. 

Craig, F. W., Dept. of Agr., Charleston, W.Va. 

Craig, Roderick, Univ. of California, Berkeley, Calif. 

Craighead, F. C., B.E.P.Q., Washington 25, D.C. 

Crampton, G. C., Mass. State College, Amherst, 


Mass. 
Crawford, H. Gordon, Dept. of Agric., Ottawa, 
Can. 
Crawford, Harvey James, 336 Broadway, Chico, 
Calif. 
Creel, C. W., Univ. of Nevada, Reno, Nevada 
Cressman, Albert W., Box 70, Whittier, Calif. 
*Creighton, John T., Univ. of Florida, Gainesville 
Cronin, Timothy C, 32 Fremont St., Bloomfield, 
N.J. 


Crosby, Bernard D., Commonwealth Sanitation 
Co., 3567 Bigelow Blvd., Pittsburgh 13, Pa. 

Crowell, H. H., Naval Station, W. Bank, Balboa, 
Canal Zone 

Crossman, S. S., 15 Orchard St., Greenfield, Mass. 

Crowley, D. J., Long Beach, Wash. 

*Cuff, Ray L., Nat. Live Stock Loss Prevention 
Bd., Kansas City 15, Mo. 

Cc ulpepper, George H., Box 3391, Orlando, Fla. 

Cummings, Walter ‘., Box 127, Santa Barbara, 
Calif. 

*Curl, L. F., Box 798, San Antonio 6, Texas 

Curran, C. H., Mus. of Nat. Hist., 15 W. 77th St., 
New York 24, N.Y. 

Currier, Donald L., R. 3, Box 399, San Jose, Calif. 

Cushing, Emory C., 9200 Franklin Ave., Silver 
Spring, Md. 

*Cutkomp, Laurence K., Univ. Farm, St. Paul 8, 
Minn. 

*Cutright, C. R., Agr. Expt. Sta., Wooster, Ohio 


Daehnert, Raymond H., 6327 N. Kenmore Ave., 
Chicago, IIl. 

*Daggy, Richard H., University Farm, St. Paul, 
Minn. 

Dahm, Paul A., 
Illinois, Urbana 

*Dahms, Reynold G., Verden, Okla. 

Dalmat, Herbert T., Cornell Univ., Ithaca, N.Y. 

Dambach, Charles A., State Univ., Columbus, O 

Daniel, Derrill M., 4810 S. 29th St., Apt. 2C, Farr- 
lington, Arlington, Va. 

Daniels, Charles H., c/o L. J. Bottimer, 4329 Clag- 
gett Rd., Hyattsville, Md. 

Daniels, L. B., Colo. Agr. College, Fort Collins 

Daniels, Victor E., 125 East Miramonti, Sierra 
Madre, Calif. 

a Merrill M., Box 149, Long Island City, 

Y 


303 Entomology Bldg., Univ. of 


Daviault, Lionel, Ministere des Terres et Forets, 
Quebec, Canada 

Davidson, Ralph A., State Univ., Columbus, O. 

Davidson, W. M. Research Center, Beltsville, 
Md. 
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Davis, Clifton J., Hawaii National Park, Hawaii 

Davis, Edgar W., Box 187, Union Gap, Wash. 

*Davis, J. J., Agr. Expt. Sta., Lafayette, Ind. 

Davis, John E., State Dept. of Agr., Salem, Ore. 

Dawson, J. Carl, 1080 N. Florissant Blvd., Floris- 
sant, Mo. 

Daybell, Frank, Box 988, Porterville, Calif. 

Dean, Fred P., Box 1291, Yakima, Wash. 

Dean, George A., K.S.A.C., Manhattan, Kan. 

Dean, Herbert A., 121 North 10th St., McAllen, 
Texas 

Dean, Horace S., 211 George Mason Dr., Falls 
Church, Va. 

ez, Ralph W., Cottage Road, Poughkeepsie, 
AN. Zs 

ee, F. E., 255 Emerson St., Washington, 


Deay, Howard O., Purdue Univ., Lafayette, Ind. 

DeBach, Paul, Citrus Expt. Sta., Riverside, Calif. 

*Decker, George C., Natl. Hist. Survey, Urbana, 
Ill 


DeCoursey, John D., 103 Columbia Ave., Ingleside, 
Norfolk Co., Va. 

Deapann W. K., Jr., 403 S. McCullough, Urbana, 
Ill. 


DeLong, Dwight M., Ohio State Univ., Columbus, O. 
Denning, J. Allison, 2020 W. Main St., Jefferson 
City, Mo. 
Denny, Charles, 19 W. Big Bend Rd., Webster 
Grove, Mo. 
. E. R., 503 Market St., San Francisco 5, 
alif. 
Deonier, C. C., Box 3391, Orlando, Fla. 
*Deputy, O. D., Box 909, Brownsville, Texas 
DeSellem, Fred E., Dept. of Agr., Olympia, Wash. 
deSouza, Antonio A., Escola Agronomica de Bahia, 
Bahia, Brazil 
tDetjen, Gustav H. H., 303 W., 42nd St., New 
York 18, N.Y. 
Detwiler, J. D., 10 Sunset Ave., London, Ontario 
Dewey, James E., Cornell Univ., Ithaca, N.Y. 
Dews, Samuel C., B.E.P.Q., Gulfport, Miss. 
Diamond, V. R., 2110 S. 8th, Lafayette, Ind. 
ea C. B., 540 Shore Drive, East Lansing, 
ich. 
Dicke, F. F.., Box 576, Toledo, Ohio 
Dicke, Robert J., 1034 Dillingham Ave., Sheboygan, 
Wisc. 
Dickinson, B. C., Sherwin-Williams Co., Bound 
Brook, N.J. 
oT R. C., Citrus Expt. Sta., Riverside, 
‘alif. 
Dieter, Curtis E., Dow Chemical Co., Midland, 
Mich. 
Dietrich, Henry, Cornell Univ., Ithaca, N.Y. 
oo H. F., Du Pont Expt. Sta., Wilmington, 


Del. 

Dillard, W. T., 710 Pere Marquette Bldg., 150 
Baronne St., New Orleans, La. 

Dills, L. E., 12 Frear Lab., State College, Pa. 

Dirks, Charles O., Univ. of Maine, Orono, Maine 

Ditman, L. P., Univ. of Maryland, College Park 

Dobkin, Irving B., 158-18 Riverside Drive, New 
York 32, N.Y. 

Dobroscky, Irene D., New Paltz, N.Y. 

Dobrovsky, T. M., 4425 Bienville Ave., New 
Orleans 19, La. 

Dodge, Harold H., 1407 U. S. Appraisers Bldg., San 
Francisco 11, Calif. 

Doehlert, Charles A., Pemberton, N.J. 

Dohanian, S. M., Box 346, Eugene, Ore. 
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Dold, C. Norman, c/o Rose Exterminators Co., 
6 E. Lake St., Chicago, Ill. 

Dominick, Clarence B., 204 Park Place, Char- 
lottesville, Va. a 

Doner, M. H., The J. R. Watkins Co., Winona, 
Minn. 

*Donohoe, Heber C., c/o Wm. Peterman Inc., 411 
Wilson Ave., Newark 5, N.J. 

Dorman, Russell, 150 Bayway, Elizabeth, N.J. 

*Dorman, Stephen C., Shell Devel. Co., 4560 Horton 
St., Emeryville 8, Calif. 

Daeee. C. K., 437 Woodlawn Ave., Webster Grove, 


0. 
Dorst, Howard E., Navy School of Mil. Govt., 
Princeton Univ., Princeton, N.J. 
Doty, Alfred, Dow Chemical Co., Midland, Mich. 
Doucette, C. F., Box 458, Summer, Wash. 
*Douglas, W. A., Box 1518, State College, Miss. 
Douglass, James R., Box 1100, Twin Falls, Idaho 
Douglass, N. L., Plant Bd., Insp., Grenada, Miss. 
bas Richard L., Citrus Expt. Sta., Riverside, 
alif. 
Dove, W. E., 2716 Belleview Ave., Cheverly, 
Hyattsville, Md. 
aa ee Phillip B., 56 Hillhouse Ave., New Haven, 
‘onn. 
Downes, W., Ent. Lab., Victoria, B.C., Canada 
Doyle, E. T., 1 South Park, San Francisco, Calif. 
Drake, Carl J., lowa State College, Ames 
Driggers, B. F., Agr. Expt. Sta., New Brunswick, 
N.J 


*Dubuisson, Emile Bernard, Stafford, Texas 

Du Chanois, Francis Robert, R. 1, Springer, N. M. 

Dudley, J. E., Jr., 424 Univ. Drive, Madison 6, 
Wise. 

*Dugas, Alvan L., Agr. Expt. Sta., University, 


Duggan, Charles E., 1105 Oaknall St., Pomona, 
Calif. 

*Dunavan, David, 116 N. Clemson Ave., Clemson 
College, S.C. 

Duncan, Carl D., San Jose State College, San Jose, 
Calif. 

Dunham, W. E., Ohio State Univ., Columbus 10 

*Dunnam, E. W., Leland, Miss. 

DuPree, Minter, Expt. Sta., Experiment, Ga. 

Durham, Victor C., 527 New P.O. Bidg., Atlanta, 


Ga. 

Durham, Wallace, 3850 Bandini Blvd., Los Angeles 
23, Calif. 

Dusham, E. H., College Heights, State College, 


Pa. 
*Dutsch, Thomas P., 1901 Parker St., Baton Rouge, 
La. 
Dutton, Jim R., 131 Speer Blvd., Denver 3, Colo. 
Dutton, W. C., Dow Chemical Co., Midland, Mich. 
Dyce, E. J., Cornell Univ., Ithaca, N.Y. 
Dye, H. W., Niagara Sprayer Co., Middleport, 
N.Y. 


Eads, Richard B., 4919 Tremont St., Dallas 14, 
Texas 

Eagleson, Craig W., R. 5, Box 89, Portland, Ore. 

a TY Stephen S., 20 Summerfield St., Baltimore 7, 


Eaton, Charles B., Med. Insp. Office, Hospital 
No. 1, Fort Bragg, N.C. 

Eavis, Henry J., Jr., E. I. Dupont Co., Sodus, N.Y. 

Ebeling, Walter, Citrus Expt. Sta., Riverside, 
Calif. 

Eckert, J. E., College of Agr., Davis, Calif. 
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“on Brayton, New York Zool. Park, New York 60, 


*Eddy, C.O., Niagara Sprayer & Chem. Co., Middle- 
port, N.Y. 

Eddy, Gaines W., Box 3391, Orlando, Fla. 

Ed mbe, Samuel W., Box 471, Doylestown, Pa. 

Eichman, R. D., Med. Dept. Navy No. 29, c/o 
F.P.O., San Francisco, Calif. 

Eide, Paul M., State College, Pullman, Wash. 

Eldredge, Bartlett W., Waltham Chem. Co., 118 
Calvary St., Waltham, Mass. 

a Harold, 953 Goodrich Ave, St. Paul 5, 

inn. 

Elmore, J. C., 1208 E. Main St., Alhambra, Calif. 

*Emery, W. T., 1204 Fremont St., Manhattan, Kan. 

England, Max H., 1658 4th St., La Verne, Calif. 

English, Lester L., Alabama Polytechnic Institute, 
Auburn, Ala. 

Enke, Joseph William, 104 W. Patterson Ave., 
Columbus, Ohio 

— Donald E., 235 Oakdale Ave., Mill Valley, 

‘alif. 
Eshbaugh, Elbert L., State College, Manhattan, 


Kan. 
Esselbaugh, Charles O., 703 W. Nevada St., Ur- 
bana, Ill. 
Essig, E. O., Univ. of Calif., Berkeley, Calif. 
Euting, Neil A., R. 4, Box 11, Oconomowoc, Wisc. 
*Evans, Joseph A., Grasselli Chem. Dept., E. I. 
Dupont Co., Wilmington, Del. 
Evans, Kieth E., Box 328, Logan, Utah 
Evenden, James C., Coeur d’ Alene, Idaho 
Every, Robert W., Box 1697, Billings, Mont. 
Ewart, Wm. H., Citrus Expt. Sta., Riverside, Calif. 
Ewing, H. E., U.S.N.M., Washington, D.C. 
*Ewing, K. P., Box 1218, Waco, Texas 
*Eyer, J. R., State College, N.M. 


Fahey, Jack E., 1237 Fairground Ave., Vincennes, 
Ind. 

Fales, John H., 1917 Elkhart St., Silver Spring, 
Md. 

Fan, Hsing Yun, Univ. Farm, St. Paul 8, Minn. 

Farleman, M. G., I.R.T.C. School, Camp Blanding, 


Fla. 
Farr, Noel C., R. 1, North East, Pa. 
Farrar, C. L., U. S. Bee Culture Lab., Madison 6, 


Wisc. 

Farrar, Milton D., 125 Natural Resources Bldg., 
Urbana, Il. 

Farrell, William, 228 Bushwick Ave., Brooklyn, 
N.Y. 

*Favinger, John J., 350 N. Clark St., Chicago 10, 
Il 


Faxon, Richard, Box 340, Honolulu, Hawaii 

*Fay, R. W., Box 547, Carter Memorial Lab., 
Savannah, Ga. 

Fels, Eugene N., 5049 Franklin Ave., Los Angeles 
27, Calif. 

Fenton, Alfred, 1002 Second Natl. Bank Bldg., 
Houston, Texas 

Fenton, F. A., A. & M. College, Stillwater, Okla. 

Ferguson, Frederick F., Carter Memorial Lab., 
Savannah, Ga. 

Ferguson, George R., Geigy Co., Inc., 89 Barclay 
St., New York 8, N.Y. 

*Ferguson, William C., Univ. of Illinois, Urbana, III. 

Fernald, H. T., 1128 Oxford Rd., Winter Park, Fla. 

ete A., Jr., 88 Norton Ave., San Jose 11, 

alif. 

Feuerstein, Alexander, 25-56 Steinway St., Long 

Island City, N.Y. 
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Fife, L. C., Box 1033, Brownsville, Texas 

= Robert S., Rutgers Univ., New Brunswick, 

Fisher, Ellsworth H., 4344 Hillcrest Circle, Madison 
5, Wise. 

Fisher, Robert A., 1036 Indiana Ave., Payette, 
Idaho 

= Frank W., State Dept. of Health, Louisville 2, 


y. 
Flaker, Roy H., 117 Charles St., Rochester, N.H. 
aoe Stanley E., Citrus Expt. Sta., Riverside, 
‘alif. 
Flebut, A. J., 941 Spruce St., Berkeley, Calif. 
Fleck, Elmer E., B.E.P.Q., Beltsville, Md. 
Fleming, Walter E., Box 150, Moorestown, N.J. 
Fleschner, Charles Anthony, 5876 Grand Ave., 
Riverside, Calif. 
*Fletcher, Fred W., Dow Chemical Co., Midland, 


ich. 

*Fletcher, Robert K., Faculty Exchange, College 
Station, Texas 

Floyd, Ernest H., Agr. Center, University, La. 

Fluke, C. L., Jr., Univ. of Wisc., Madison 6, Wisc. 

— Helen J., 781 Antoinette Ave., Winter Park, 
Fla. 

Fogarty, Daniel B., R. 1, Box 403-E, Jacksonville, 

a. 


Ford, E. Paul, Nankin, Ohio 

Forde, Ernest L., 2247 Waikolu Way, Honolulu 20, 
Hawaii 

Fosen, Edwin H., 686 Vallombroso Ave., R. 1, 
Box 12, Chico, Calif. 

Foster, Albert M., R. 2, Box 97, San Jose, Calif. 

Fowler, Jack R., 221 Cross St., Woodland, Calif. 

Fox, Charles J., 15 Broad St., Aylmer, Quebec 

Fox, Clarence C., R. 2, Wenatchee, Wash. 

*Fracker, Stanley B., Apt. 516, Delano Apts., 
2745-29th St., Washington, D.C. 

Francis, William J. F., 2901 Taylor Way, Tacoma, 


Wash. 
Frankenfeld, J. C., 1204 Fremont St., Manhattan, 


an. 

Franklin, H. J., East Wareham, Mass. 

Franklin, J. R., 615 State St., Hammond, Ind. 

Frazier, Andrew E., 44 E. Vernon Ave., Phoenix, 
Ariz. 

Frazier, Norman W., Univ. of Calif., Berkeley, Calif. 

Frear, Donald E. H., Penn State College, State 
College, Pa. 

Frederick, John M., Box 935, Winter Haven, Fla. 

—— Stanley B., Univ. of Calif., Berkeley, 
Calif. 

Freeman, William, 8 Somerset Terrace, Winthrop, 
Mass. 

Freitag, Julius H., Univ. of Calif., Berkeley, Calif. 

French, George T., Rm. 1112, State Office Bldg., 
Richmond, Va. 

Freville, William F., Box 299, Lexington, Ky. 

Friend, Roger B., Agr. Expt. Sta., New Haven, 
Conn. 

*Fritz, Roy F., 606 Volunteer Bldg., Atlanta, Ga. 

Fronk, W. Don, 1820 Grant Ave., Ogden, Utah 

Frost, Stuart W., 465 E. Foster Ave., State College, 


Pa. 

Fu, Sheng-Fa, Agr. Center, c/o K. L. Cockerham, 
Baton Rouge 3, La. 

Fullaway, D. T., Dept. of Agr., Honolulu, Hawaii 

Fulmer, W. L., 505 Boylston North, Seattle, Wash. 

Fulton, B. B., State College, Raleigh, N.C. 

Fulton, Robert A., Box 70, Whittier, Calif. 

Furman, Deane P., 197 Amherst Ave., Berkeley, 
Calif. 
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sh: Robert L., 445 U.S. Courthouse, Portland, 
e. 
Furr, Garland L., Box 909, Brownsville, Texas 


Gaddis, B.M., B.E.P.Q., Washington 25, D.C. 
Gaddis, Carl H., B.E.P.Q.,. U.S.D.A., Trenton, 


N.J. 

Gage, Theodore M., Room 225, 1900 Euclid Bldg., 
Cleveland 15, Ohio 

Gahan, J. B., 415 Anderson St., Orlando, Fla. 

Gaines, J. C., Jr., Office of the Surgeon, APO 629 
PM, New York, N.Y. 

*Gaines, Robt. C., Box 762, Tallulah, La. 

Gallion, Ted B., c/o L. R. Cody, Hall of Justice, 
San Jose, Calif. 

ov A. Gordon, 1206 Holly St., Washington, 


Gambrell, Foster L., Expt. Sta., Geneva, N.Y. 
ri Earle T., 1087 Perkins Way., Sacramento, 
alif. 

Gammon, Cyril, 1733 S. Fern Ave., Ontario, Calif. 

Gardner, Arling A., Box 1315, Huron, S.D. 

Gardner, Leo Russell, California Spray Chemical 
Co., Richmond, Calif. ‘ 

Gardner, Theo. R., 25 Meadowbrook Rd., Chat- 
ham, N.J. 

Garman, Philip, Expt. Sta., New Haven, Conn. 

— J. B., L.S.U. Ext. Dept., Baton Rouge, 


a. 

Garrett, John R., 305 Custom House and P.O., 
Newport News, Va. 

Gates, Leroy M., Box 96, Univ. Place Sta., Lincoln, 


Neb. 

Gaul, Albro Tilton, 401 Washington Ave., Brook- 
lyn 5, N.Y. 

Gauthier, Georges, Dept. of Agr., Quebec, Canada 

Gay, Geraldus, 280 Brokers Exchange, Norfolk, Va. 

Geise, F. W., 104 So. Michigan Blvd., Chicago, Ill. 

Geluwe, John Van, Coop. G.L.F. Soil Building 
Service, Inc., Terrace Hill, Ithaca, N.Y. 

Gemmell, Louis G., 237 W. Union Ave., Bound 
Brook, N.J. 

Gentner, L. G., 22 Groveland Ave., Medford, Ore. 

Gerberg, Eugene J., 331 E. Kings Highway, San 
Antonio 2, Texas 

Gerberich, John B., State Univ., Columbus, Ohio 

a Charles E., 605 Volunteer Bldg., Atlanta, 

a. 

Gerhardt, Paul D., 4482 Bandini Ave., Riverside, 

Calif 


if. 

Gersdorff, Wilbur A., McLean, Va. 

Gertler, Samuel I., 601 Quackenbos St., Washing- 
ton 11, D.C. 

Gertzendaner, C. W., Box 218, Union Gap Sta., 
Yakima, Wash. 

Gibson, Archie L., 1312 Lakeside Ave., Coeur 
d’Alene, Idaho 

tGibson, Arthur, 30 Cooper St., Ottawa, Canada 

Gibson, K. E., 108 North D. Street, Toppenish, 
Wash. 

oo Walter S., 1426 Central Ave., Lafayette, 
nd 


Gieser, Arthur, c/o Fred FE. Gieser, Eureka, $.D. 

— Irwin H., 606 Eppley Ave., Zanesville, 
io 

Gilbertson, G. J., State College, Brookings S.D. 

Gillaspy, James t., R. 3, Taylor, Texas 

Gillett, Joseph A., Declo, Idaho 

Gillies, Kenneth D. J., Box 95, Onida, S.D. 

Gilmore, John U., 412 Kingsbury St., Oxford, N.C. 

Ginsburg, Joseph M., Agr. Expt. Sta., New Bruns- 

wick, N.J. 
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Girardeau, J. H., Jr., Tifton, Ga. 
Girardeau, Mrs. Martha H., Tifton, Ga. 
Girth, Harold B., 33 White Horse Ave., Trenton, 


N.J. 

Gjullin, C. M., Rm. 438, U. S. Court. House, Port- 
land, Ore. 

Gladney, Horace, Box 177, Ocean Springs, Miss. 

Glasgow, Hugh, Agr. Expt. Sta., Geneva, N.Y. 

Glasgow, R. D., State Entomologist, Albany, N.Y. 

Glass, Edward H., Amer. Cyanamid Co., 1937 W. 
Main St., Stamford, Conn. 

Gleissner, Bruce D., Amer. Cyanamid Co., Res. 
Lab., Stamford, Conn. 

*Glick, P. A., Box 1218, Waco, Texas 

Glover, L. C., 229 Semple St., Modesto, Calif. 

ay C. B., 4617 Edina Blvd., Minneapolis, 

inn. 

Goble, G. J., Box 6791, Louisiana State Univ., 
Baton Rouge, La. 

Goddin, Avery H., 109 Briar Lane, Newark, Del. 

ee Raymond, 82-01, 164th Place, Jamaica, 


Goff Corbin C., 4228 McPherson Ave., St. Louis, 

0. 

Gas Newell E., 9813 Bristol Ave., Silver Spring, 
d i 


Gooden, Ernest‘L., B.E.P.Q., Washington 25, D.C. 
Coane L. J., Plant Board Inspector, Aberdeen, 
iss. 

Goodhue, Lyle D., Aerosol Inc., Neodesha, Kan. 

Goodwin, Melvin H., Jr., 605 Volunteer Bldg., 
Atlanta 3, Ga. 

Goodwin, W. H., Box 268, North Lima, Ohio 

Gordon, Fred M., Cornell Univ., Ithaca, N.Y. 

Goseco, Frederico P., Philippine Sugar Assoc., 
Laguna, P.I. 

Gosnell, Homer R., 501 N. 34 St., Philadelphia, Pa. 

Gouck, Harry K., 6 Palm Ave., Savannah, Ga. 

Gould, George E., Agr. Expt. Sta., Lafayette, Ind. 

Gould, E., Kearneysville, W.Va. 

Gouldman, Henry Y., R. 2, Herndon, Va. 

Grady, A. G., c/o Sinclair Refining Co., E. Chi- 


cago, Ind. 

Grady, Howard J., 2109 N. Albinia Ave., Portland 
12, Ore. 

Graf, J. E., U.S.N.M., Washington 25, D.C. 

Graham, Castillo, Hancock, Md. 

Graham, Lewis T., S. L. L., Box 403, Lafayette, La. 

Graham, Owen H., Menard, Texas 

Graham, Samuel A., Camp Filibert Botts, Beech- 
wood, Mich. 

Granek, Irving, 336 Throop Ave., Brooklyn 6, 
N.Y 


Granett, Philip, 627 Mountain Ave., Bound Brook, 
N.J 


pe ta Alexander A., Univ. Farm, St. Paul, 

inn. 

Grau, Fred V., B.P.I., Beltsville, Md. 

Gray, H. E., Dept. of Agr., Ottawa, Ontario 

Gray, K. W., Oregon State College, Corvallis, 

Grayson, James McD., Virginia Agr. Expt. Sta., 

olland, Va. 

Greenwood, Douglas E., Conn. Agr. Expt., Sta., 
New Haven, Conn. 

*Gregg, Paul, College Station, Texas 

tGregory, F. W., Federal Bldg., Niagara Falls, 
Ontario 

{Gressitt, J. Linsley, 3732 A Keokuk St., St. Louis 
16, Mo. 

Griffin, E. L., Insecticide Div., Food Dist. Adm., 
Washington 25, D.C. 

Griffin, S. W., 9207 Worth Ave., Silver Spring, Md. 
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Griffiths, James T., Jr., Citrus Expt. Sta., Lake 
Alfred, Fla. 
Griswold, Grace H., Cornell Univ., Ithaca, N.Y. 
*Gross, Joseph, Regional Hosp., Camp Swift, Texas 
Grout, Roy A., Hamilton, Ill. 
Grundmann, A. W., 15 Malaria Survey Unit, APO 
ee * M.D. A.F.P.A.C. P.M., San Francisco, 
if. 
Gui, Harry L., Agr. Expt. Sta., Wooster, Ohio 
Guice, Olyn T., Jr., 210 California Ave., Leland, 
Miss. 
Guillory, Yves, 4702, Chevy Chase Blvd., Chevy 
Chase, Md. 
— A. J., Sherwin Williams Co., Cleveland, 
io 
Gunderson, Harold, State College, Ames, Iowa 
— Francis Alan, Citrus Expt. Sta., Riverside, 
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Wilson, John W., 5 W. Washington Blvd., Bath, 
N.Y. 

Wingo, Curtis W., 107 Whitten Hall, Columbia, Mo. 

*Wipprecht, Read, Box 2167, College Station, Tex. 
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F.P.O., San Francisco, Calif. r 

Wisecup, C. B., 6936 Florence Blvd., Omaha, Nebr. 
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Los Angeles, Calif. 
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Wolfe, Leland, 18 Fairview Ave., West Orange, N.J. 
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Yeager, J. Franklin, Research Center, Beltsville, 


Md. 
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Mont. 
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Fla. 
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Yuill, J.S., c/o J. E. Patterson, Univ. of Calif., Berke- 
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